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ABSTRACT

This thesis provides a MATLAB® code and graphical user interface (GUI) which
rapidly estimates the bending frequencies of rotating beams from the knowledge of
bending frequencies of nonrotating beams. The approach is based on the Rayleigh energy
method developed by Yntema. The beams may be rotating or nonrotating, cantilever or
hinged, uniform or with linear mass and stiffness distributions, with or without root
offsets from the axis of rotation; or uniform with or without tip mass. Especially, the
frequencies of both nonrotating and rotating cases can be estimated for (a) beams with
and without offset which have mass and stiffness distributions which can be
approximated by linear relations and (b) beams with uniform mass and stiffness
distributions plus a concentrated mass at the tip. Also, as a part of the MATLAB® code,
the bending frequencies of rotating beams with arbitrary stiffness and mass distributions
can be estimated given that the stiffness and mass distributions as well as mode shapes of
the rotating beam are provided. In latter case, the mode shapes of nonrotating beams may
be used to get rough estimations. The code also presents the nonrotating bending-mode
shapes in conjunction with the bending frequencies. The code and GUI are intended for
use as a subprogram of JANRAD computer program developed at the Naval Postgraduate
School, but can also be used as a stand-alone MATLAB® program.
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INTRODUCTION

A hdicopter blade is essentidly a beam that rotates around the axis of rotation
and the naturd bending frequencies of the blade are of utmost importance for the
resonance-free operation of the helicopter rotor sysem. Although the mode shepe of a
rotating beam is very smilar to the mode shape of the nonrotating beam with same
characteridics, the naturd bending frequencies of rotating beams are quite different from
those of nonrotating beams due to the centrifuga forces encountered in the rotating
beams. The centrifugd force makes the blade seem differ and therefore causes the
natura frequency of arotating beamto increase appreciably.

Since the mode shapes of rotating and nonrotating beams are smilar, according to
the wel-known Rayleigh principle, they may be used interchangesbly for approximate
results provided that the mode shape is congstent with the condraints of the sysem. The
report by Robert T. Yntema, “Simplified Procedures and Charts for the Rapid Estimation
of Bending Frequencies of Rotaing Beams’ (1955), is a good example of the application
of the Rayleigh principle and can be summarized by the daiement: ‘A Rayleigh energy
goproach utilizing the bending mode results of the nonrotating beam to determine the
bending frequency of the rotating beam. [Ref. 1] Although dating back to 1955, this
report has perhaps been used by amost every hdicopter manufacturer especidly in most
of the preliminary design processes for its ease of use and practicdity in giving quick and
good results for helicopter blades. A helicopter blade must be designed as free as possble
from resonant or near-resonant excitation of the periodic loading on the rotor, and
therefore designers need a ample yet reasonably accurate method for determining the
bending frequencies of rotating blades.

The main equation of this gpproach yieds an exact result, but it requires tha the
mode shape of the rotating beam be known and the integras have smple mahematica
expressons for mass and diffness didributions. By replacing the mode shape of the
rotating beam with that of the nonrotating beam, Yntema makes an approximation to the
bending frequency of the rotating beam. In addition, computing this man equation for
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some characteristic types of nonrotating beams, he reduces the whole process to a few
Southwell coefficients that can be read from a set of charts. The report provides these
quick-reference charts for the rapid estimation of first three bending frequencies of
rotating or nonrotating beams. The first set of frequency charts provides the Southwell
coefficients for the rotating or nonrotating hinged or cantilever beams with mass and
stiffness distributions that can be approximated by linear relations, and with root offset
from the axis of rotation. The second set of charts serves for the beams with uniform
mass and stiffness distributions but no root offset, plus a concentrated mass at the tip. The
uniform beams with a concentrated tip mass is also included in the procedure. For the
validation of the method, Yntema uses a more exact but complex method to evaluate and
compare with the results of Rayleigh energy approach. Classical information on elasticity

and strength of materials can be found in References 2 through 8.

The purpose of this study is to digitize the Yntema method into a computer
program for quick preliminary analysis of rotating beam bending frequencies. Southwell
plots will be generated for vibration analysis and comparison. Nonrotating beam mode
shapes will also be provided as a computer program to approximate the mode shapes of
rotating beams since both rotating and nonrotating beams have similar mode shapes. A

graphical user interface will be creates for ease of use and practicality.

A computer code in MATLAB® programming language developed by
MathWorks, Inc., has been generated for the Yntema method incorporating the Rayleigh
approach. The code is intended for use with JANRAD which is a rotorcraft analysis and
design software based on the method described by Wood and Gerstenberger [Ref. 9] and
developed by students at the Naval Postgraduate School, Monterey, Ca [Ref. 10~14]. The
frequency coefficient and Southwell coefficient charts provided in the Yntema report,
have been manually read into a MATLAB® file which is used by a MATLAB® function
file to determine the first three bending frequencies of rotating or nonrotating hinged or
cantilever beams for the mass and stiffness distribution, root offset, concentrated tip mass
cases mentioned in the previous paragraph. A rotational speed range vector may be input
to the MATLAB® function to get the corresponding frequency values in a vector. This
option also allows for rapid demonstration of a variety of Southwell plots. Another

2



MATLAB® function gives the exact or more accurate Rayleigh method results provided
that the mode shape of the rotating beam is known or can be approximated. With another
MATLAB® file, mode shapes of the nonrotating beams can be plotted as provided by the
Yntema method. A complete set of MATLAB® file scripts as well as the user guides
have been provided in Appendices B through D. For information on MATLAB®

software, you can refer to References 15 through 20.

Chapter II provides a general review of the Yntema report related to the intentions
of this study. Chapter III provides the modeling of the Yntema method and the
verification and validation of the software. Concluding remarks and recommendations for
future use are provided in Chapter IV. Appendix A provides the user’s guides for the
computer code and graphical user interface (GUI). Appendices B through D lists the
MATLAB® codes for the script files, functions, and GUI respectively. Appendix E gives

several codes for the verification and validation of the software.
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II. BACKGROUND: YNTEMA'’S SIMPLIFIED PROCEDURES
AND CHARTS FOR THE RAPID ESTIMATION OF BENDING
FREQUENCIES OF ROTATING BEAMS

This chapter provides a review of the sections of the Yntema report [Ref. 1],
which are essential for the development of the pertinent computer program. Some
sections and appendices of the Yntema report, such as mode-expansion method solving
high-order determinantal equations, which are intended for the evaluation of the Rayleigh
approach, are not mentioned in a detailed fashion since they were not needed for the

program.

A. DESCRIPTION

The Rayleigh energy approach of obtaining the fundamental frequencies of
vibration of an elastic system is based on the conservation of energy. By equating the
kinetic energy at zero displacement to the potential energy of both the bending and
centrifugal forces at maximum displacement, the following frequency equation can
readily be derived for any vibration perpendicular to the plane of rotation:
- IOL EI"*dx N IOL Ty dx o

R

. J.OLmyfdx IOLmyfdx

where n is the mode under consideration, and the lengthwise-distribution function for
tension force is given by

(1)

T, :L_L(n+e)md77 (2)

Equation(1) is the exact value for the n® bending frequency of a beam rotating at
the rotational speed, £, if the n™ natural bending mode shape is known for this value of
Q. The mode shape is usually an unknown as well as the frequency, but the well-known
Rayleigh principle may be used for an estimation of the frequency: A mode shape which
is consistent with the constraints of the system can be assumed to evaluate the energy

integrals which then yield an approximation to frequency. Yntema chooses the
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nonrotating beam mode shape as the approximation for the rotating beam mode shape

and evaluates whether the results are reasonably accurate.

If the n™ mode shape of the nonrotating beam, Y, is substituted into Equation(1)

instead of y,, the equation can be rearranged in the following simple form:
Wy =0y, + K0 (3)

where, wyg, 1s exactly the nonrotating beam bending frequency

EI
= ©
e m0L4
and K, is the Southwell coefficient
.[OL Y? [J.L(n +e) mdn} dx
K, = - &)

.[: mY’ dx

The coefficient a, is referred to as the nonrotating beam bending frequency coefficient,
and the Southwell coefficient can be written as
K, =K, +K e (6)

where Ky, is the zero-offset Southwell coefficient, and K, is the offset-correction factor

for Southwell coefficient defined by

o [Fy [J‘;nmdn}dx
" [“my2dx %
[Fy UL mdn }dx
ST e

By means of preceding equations, Equation(3) may also be written as

El
) 0 2
w, =a, L +(K0n +K1Ne)Q (8)



By performing an integration by parts on the numerator of Equation(5), Yntema
[Ref. 1] gives a slightly different but useful expression for K,, and in nondimensional

form it appears as

- j;(ﬂz)ﬁq[j:szdﬁ}df

Kn = 1 ) (9)
Jomyax
where
IR
K, = R
[ myax
. (10)
| [vran e
Kln = _
[
Equation(8) can now be written with these new coefficients as
El = =
2 2 0 —\ N2
Ol +(K,, +K,2)Q (11)
where the relationships between the Southwell coefficients are
K, =K
IR (12)
K, =K L

Equation(11) serves as the basis for the charts presented in the Yntema’s report. These
charts provide values of a,, Ky, and I?ln which, in conjunction with the mass ratio

(muy/mp) and the stiffness ratio (EI/El)) values, estimates the first three bending

frequencies of rotating or nonrotating beams.

For the evaluation purposes, a new rearrangement for Equation(3) may be found

2 2 2 2
w w
(O PTG BRI Y T (13)
Opg, W, Opg, Opg,

to be useful:




where, wgr,/wnr, 1s referred to as the frequency parameter and Q/wyg; is referred to as the

rotational-speed parameter.

Also defined is a new zero-offset rotational beam frequency coefficient, K|

On >

which will prove to be useful for subsequent use:

2

2
K, =K, (o), | _ On(aﬁj (14)

n
a)NR

n

where F indicates that a; is the nonrotating beam frequency coefficient for the beam
cantilevered at the root; all other terms are for the actual root condition, i.e., either

cantilever or hinged. Because K, is found to be essentially insensitive to mass

distribution, it should be useful in estimating bending frequencies of families of beams

with similar stiffness distributions.

B. EVALUATION

A series of rotating beam parameters are systematically varied for the calculation
of bending frequencies based on Rayleigh approach. The results of a more exact but
complex method are compared with these bending frequencies to determine the accuracy

and limitations of Rayleigh approach.

Figure 1 shows the cases studied by both methods. Both cantilever and hinged
beams are considered for:
o Uniform beams with zero and ten percent root offset.

o Mass and stiffness distributions varying linearly from the value at the root
to zero at the tip (“linear”) and root offsets of zero and ten percent.

o Uniform beams with a concentrated tip mass.

The results of all three cases are plotted with nondimensionalized axes. The
abscissa is the squared nondimensional rotational-speed parameter (rotational speed over
the first bending frequency of nonrotating beam) and the ordinate is the squared
nondimensional frequency parameter (the n™ bending frequency of the rotating beam

over the n™ bending frequency of nonrotating beam). Since the first bending frequency of

8



a hinged beam is roughly four times that of a cantilever beam, the abscissa scdes vary
widdy for hinged and cantilever beams. The abscissa scales dso vary with tip mass
because the fundamental frequency of a nonrotating beam decreases with increase in tip

mass. Thisvariation islarger for cantilever beams.

cantilever beams

Uiniform "linear"
- L L -i
. ——
I_.-l_! o 3 = ——
1] . e
1 b1l 2 |
=] - . I‘I H
- | -
- =1L
Hinged beams
Uni form "Lineart
L]
i
TR
. |

Figurel. Beams Treated by both the “Exact” and Rayleigh methods. (From: Ref. [1])

1. Cantilever BeamsWithout Tip Mass

The vaiation of bending frequency for a uniform cantilever beam with root
offsets of zero and ten percent is shown in Figure 2. The Raylegh results are farly
accurate for higher modes, but the maximum eror is large for the first mode, about ten
percent in the frequency squared. Nevertheless, the effect of root offset is predicted very
accurately for al three modes.



501 Mode

——————— S-mode expansion
ksl —— — Rayleigh approach E}m cantilever mode ) / 1t
pendulum mode) /

—— — —— Rayleigh approach

Figure 2.  Effect of Rotational Speed on the Bending Frequencies of a Uniform Cantilever
Beam. (From: Ref. [1])

For comparison, the results of approximating the first mode of a cantilever beam
by the pendulum mode of a hinged beam are also plotted. For higher rotational speeds,
the results of the pendulum mode become more and more accurate. But for the lower
rotational speeds, the first mode shape of nonrotating beam yields the most accurate
results. The root offset effects can be predicted by either the pendulum mode or the first

cantilever mode.

In Figure 3, Yntema shows the variation of bending frequency for a cantilever
beam with linear mass and stiffness distributions and with root offsets of zero and ten
percent. As for the case of uniform cantilever beam, the second and third mode results are

very accurate but the first mode result is not so accurate for higher rotational-speed
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values. Again, the pendulum mode of a hinged beam yields more accurate results for the
first mode as the rotational-speed parameter increases. But for lower rotational-speed
values, the first cantilever mode is more accurate than the pendulum hinged mode. The

effect of root offset is predicted fairly accurately by both methods.

SS

S0 - / Mode
S-mode expansion

—— —— HRayleigh approach { NR cantilever mode ) 1st
ns b —— — — Rayleigh approach ( pendulum mode ) /

ONR

)

Figure 3.  The Effect of Rotational Speed on the Bending Frequencies of a Cantilever Beam
with Linear Mass and Stiffness Distributions. (From: Ref. [1])

In Figure 4, Yntema shows a comparison of the bending frequency results for the
uniform and linear cantilever beams with zero root offset. The difference for the first
mode, which is roughly predicted by the Rayleigh approach, could not be detected by the
pendulum hinged mode. The effect of mass and stiffness distribution on higher modes is
more visible and suggest that a single value of Southwell coefficient cannot accurately
predict the bending frequency variations for beams with appreciably different mass and

stiffness distributions.

11



usr Mode
1

4

Lol —— "Linear" cantileven S5-mode expansion 7

e

— — — — Uniform cantilever Ray’ h s
———— — fLinear" cantilever HECEH IRFRESES //' /
e

35 yod /
e

Uniform cantilever st

0 5 10 1I5 _2LD
_ﬂ_ 2
(%)
Figure 4.  Comparison of Frequencies of Uniform and “Linear” Cantilever Beams with Zero
Offset. (From: Ref. [1])

The error of Rayleigh approach in the first mode bending frequency results is
almost the same for both uniform and linear beams. Thus, this error seems to be

independent of beam mass and stiffness distribution.

2. Hinged Beams Without Tip Mass

In Figure 5, Yntema shows the variation of bending frequency for the case of a
uniform hinged beam with root offsets of zero and ten percent. The maximum error is
about three percent in the frequency squared and approximately the same for all three
modes.
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Figure 5.  Effect of Rotational Speed on the Bending Frequencies of a Uniform Hinged
Beam. (From: Ref. [1])

For the hinged beams with linear mass and stiffness distributions, the bending
frequency results are very accurate. In addition, the exact frequency results show that the
Southwell coefficient is not largely independent of beam mass and stiffness distributions
but it varies appreciably with beam characteristics for all modes, especially for the first

mode.

3. Cantilever Beams With Tip Mass

In Figure 6, Yntema shows the variation of bending frequency for a uniform
cantilever beam with a concentrated tip mass and zero offset for the cases of /=1 and

r=0.5 where r is defined by

e Tip Mass _ M, (15)
Blade Mass m,L
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Figure 6. Bending Frequencies of a Uniform Cantilever Beam with a Mass at the Tip and
with Zero Offset. (From: Ref. [1])

The error is of the same order of the error in the beam without tip mass: The
Rayleigh results are very accurate for higher modes but relatively less accurate for the
first mode. The errors for each mode are practically identical for all » values. The
impression that the zero-offset Southwell coefficient, Ky,, is independent of the tip mass
value is true for the first mode but misleading for the higher modes where the term

(nr1/® NR,,)Z in Equation(14) varies with tip mass.

4. Hinged Beams With Tip Mass

The Rayleigh results for the variation of bending frequency for a uniform hinged
beam with a concentrated tip mass and zero root offset for the cases of =1 and r=0.5,
have been plotted and found to be accurate for all three modes over the entire range of

variables.
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The bending frequency variation of hinged beams are different for different
values of tip mass, unlike the cantilever results of Figure 6 which is essentially
independent of tip mass. If we plotted the results of the hinged cases as a function of the
rotational-speed parameter used for the cantilever cases (the squared ratio of rotational
speed to the bending frequency of the beam in the first cantilever mode), then the
frequency variation would be seen to be essentially independent of tip mass, as has been

noted for the cantilever. Therefore, a new constant, K  , which is defined by

On >

Equation(14) and is insensitive to the beam mass distribution, appears to be justified.

5. Validation of Yntema’s Work

Table 1 gives the exact and estimated bending frequencies for several
manufactured blades. The results are very accurate as can be seen. The Southwell
coefficients obtained by utilizing NR beam mode shapes yield reasonably accurate
bending frequencies of rotating beams, at least for the range of the rotational-speed
parameter encountered in helicopter blades. Error correction efforts may be incorporated

for some beams. Southwell coefficients can vary appreciably with beam characteristics.

Wwe . RADIANS/SEC | We, RADIANS/SEC
MODE |— R R

m El EXACT |ESTIMATED| EXACT |ESTIMATED)
TRUE B I st 17.3 |74 492 47.7
|| -FAIRED 2nd 485 50.0 86.8 85.7
3rd 955 1010 1370 | 1378
Mo I'st 216 21.1 50.6 49.2
| & 2nd 58.9 60.5 924 92.2
3rd | 1121 122.0 1480 | 154.0
| st 219 21.1 74.0 78.3
2nd 63.7 59.5 1320 | 134.4
| - 3rd | 126.0 1255 2000 | 2075
| st 13.4 146 379 378
2nd 437 416 710 703
L 3rd 949 945 1250 | 1240

ROOT TIP ROOT TP
Table 1.  Exact and Estimated Frequencies for Some Manufactured Blades (From: Ref. [1])
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C. YNTEMA’S CHARTS FOR RAPID ESTIMATION OF BENDING
FREQUENCIES

A group of charts based on the Rayleigh approach permit the rapid estimation of

bending frequencies of rotating and nonrotating beams. These charts give values for a,

(0,), Kon, and K,, (also for K| ) which are used for the determination of rotating beam

bending frequencies. All these constants are based on the mode shapes of the nonrotating

beam and obtained by standard numerical-iteration procedures.

1. Cantilever Or Hinged Beams Without Tip Mass

Equation(11) is the form of the Rayleigh energy equation, which is used to obtain
bending frequencies. Equation(12) is also incorporated into the computations. The charts
are presented for both hinged and cantilever beams, where the abscissa is the ratio of the
beam mass per unit length at the tip to the mass per unit length at the root (m,/my). The
curves are provided for three different stiffness variations (EI/El,=0;0.5;1). Although
each of these curves is faired through only three points, this procedure should involve

little error because the variation is almost linear for the Southwell coefficients (K, and
K,,) and is not entirely arbitrary for the frequency coefficients (a,), which is based on

previous references.

The zero-offset Southwell coefficient, Ky, for the pendulum mode is always unity
regardless of the beam mass and stiffness distributions. Kyp for a hinged beam is
dependent on the mass distribution but the stiffness distribution. There is no zero mode
for a cantilever beam.

The n"-mode Southwell coefficients for the cantilever beams should be compared
with the (n-1)™ mode of the hinged beam. From this comparison, the effects of root fixity
on the Southwell coefficients are very small and can be neglected for rough
approximation in all modes other than the first cantilever mode.

The variation of the Southwell coefficient is relatively insensitive to beam mass
distribution. Coupled with the fact that the influence of the Southwell coefficient

decreases for higher modes for constant rotational speed, fairly good approximations to
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the Southwell coefficients for beams with nonlinear stiffness distributions may also be

obtainable from these charts.

2. Cantilever Or Hinged Beams With A Mass At The Tip

The beams studied for the case of a tip mass are uniform beams with no root

offsets. Therefore the offset-correction factors for the Southwell coefficient, K;,, are not

provided.
a. Uniform Cantilever Beam
The defining relation for the bending frequencies is given by
1+ cos @ cosh @ —r@(sin & cosh 8 — cos @sinh ) = 0 (16)
where
O, =6\ (7

and the mode shapes are

) . inh & +siné
¥, (x) =sinh x —sin x + (cos x — cosh x) S0, ¥S1M 0,

(18)

coshé, +cosf,

Values of 9,12 rather than 6, are plotted in the charts because 9,12 corresponds to a,

presented previously.

For large values of r, 6,” can be fairly accurately computed as:

o) o

where the constant, x,, can be determined from the frequency results for the largest value

of r. Equation(19) can also be used for hinged beam as well as any non-uniform beam.
Although the Kjy,-curves are faired through three points, they must be fairly accurate

because the variation is almost linear.
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b. Uniform Hinged Beam
The defining relation for the bending frequency is given by

2rf +coth@—cotd =0 (20)

and the mode shapes are given by:

V. (x) =sinh x + SITlh O, sin x (21)
sind

n

The values of 0,12 as well as the zero-offset Southwell coefficients, Ky,, have been plotted
to permit a rapid estimation of bending frequency. For the pendulum mode, Ky is always

unity.

3. Rotating Beams With Nonlinear Mass Distribution And
Approximately Linear Stiffness Distribution

A modified form of zero-offset Southwell coefficient, K, , has been shown to be

on>
insensitive to the variations in beam tip mass and is given by Equation(14) for both
cantilever and hinged beams. For any stiffness distribution, K;, is almost constant for
each mode, the differences being the same order of magnitude as the errors inherent in
the Rayleigh approach. Curves for cantilever and hinged beams have been faired and
plotted to give average values for K, and thus for Ky, for beams with near linear
stiffness distributions and with any mass distribution. The first bending frequency of
nonrotating beam cantilevered at the root and the n® bending frequency of the
nonrotating beam with its actual end fixity (hinged or cantilever) are required to
determine Ky, from a knowledge of K, . Although care must be taken using K, because
it is only demonstrated for a limited number of mass distributions, these charts should be

useful in design studies involving rotating beams with nonlinear mass distributions but

with approximately linear stiffness distributions.
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4. Rotating Beams With Mass And Stiffness Distributions Not
Representable By Foregoing Approximations

The basic Rayleigh energy method given by Equation(l) can be used for
nonlinear variations. All that is required is the frequency and the mode of the nonrotating
beam. Also providing the first derivative of the mode is preferable. With these inputs, the
integrals of Equation(1) can be computed by numerical methods to give the bending

frequencies at any rotational speed.

S. Mode-Expansion Method

A more accurate but complex mode-expansion method for determining the
bending frequencies and the modes of a rotating or nonrotating beam has been developed
to be used in the evaluation of the Rayleigh approach. The method solves a fifth-order
determinantal equation for cantilever beams and a sixth-order equation for hinged beams

in order to obtain the lowest three bending modes and frequencies.

6. Vibration In Planes Other Than Those Perpendicular To Plane Of
Rotation

The bending frequency results obtained by Yntema are all for uncoupled bending
vibrations perpendicular to the plane of rotation. When the principal axis of the blade
airfoils (axis around which the stiffness is a minimum) is not parallel to the plane of
rotation, natural bending vibrations having the lowest frequencies will occur

perpendicular to the chord.

Vibration frequencies for a blade chord inclined at any angle w with the plane of

rotation, can be determined from the simple formula, for n™ mode:
(a)few ) = (a)éL )n —Q7sin’y (22)

where wp,, is the frequency of bending vibrations in a plane making an angle y with the
axis of rotation and wg, is the frequency of bending vibrations perpendicular to the plane

of rotation.
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At large angles of attack, this correction may be significant for the lower modes.
But because wg;’ is usually five to ten times as large as y°, in most cases, the angle of
attack of the blade will not largely affect the bending frequency. This indicates that
cyclic-pitch changes will not affect the bending frequency appreciably, and therefore the

blade frequency may be assumed to be constant.

D. RESULTS FOR BENDING MODE SHAPES

To determine the bending frequency results, a large number of rotating and
nonrotating beam mode shapes have been computed and presented in tabular form for use

in analytical and numerical studies.

1. Nonrotating Beams

The first three mode shapes, along with their first and second derivatives, for nine
cantilever and nine hinged beams with different mass and stiffness distributions are
provided in tabular form. These results were obtained by standard numerical-iteration
procedures. Ten stations were employed for cantilever beams, and 15 stations are
employed for hinged beams because they have one more node than cantilever for the

third mode.

2. Rotating Beams

The mode shapes, as well as frequencies, have been obtained by the derived
mode-expansion method explained in previous paragraphs. This method yields mode
coefficients which, in turn, give the mode shapes of the rotating beam. These mode
coefficients have been normalized to positive tip deflections and provided in tabular

form.
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3. Comparison Of Rotating And Nonrotating Beams

a. Hinged Beams

For uniform hinged beams, the differences between the rotating and
nonrotating mode shapes are relatively small, particularly for the higher modes. For
“linear” hinged beams, the difference in mode shapes is very small because the Rayleigh
approach has been shown to be very accurate for this case. The mode shapes of uniform
and “linear” hinged beams are very different because of the substantial difference
between the Southwell coefficients for the two beams. The effect of root offset may be

seen to be small for both hinged beams.

b. Cantilever Beams

For both the uniform and “linear” cantilever beams, the difference in mode
shapes changes appreciably with rotational speed, especially for the first and second
modes. The effect of root offset is seen to be very small for both uniform and “linear”

cantilever beams.

c Beams With A Mass At The Tip

For uniform hinged beam with a tip mass equal to the beam mass, the
mode shape differences are very small for all modes. This result accounts for the
excellent accuracy of Rayleigh approach for this case. For uniform cantilever beam with
a tip mass equal to the beam mass, the mode shape differences between rotating beams
are slightly different from each other for different values of rotational speed. But the
rotating beam mode shape is considerably different from the nonrotating beam mode

shape.

E. SUMMARY REMARKS CONCERNING YNTEMA’S WORK

The Rayleigh approach yields reasonably accurate bending frequencies for

rotating hinged or cantilever beams with mass and stiffness distributions which can be
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goproximated by linear relations, with concentrated tip masses for uniform mass and
diffness didributions, a least within the rotationd speed limits encountered by helicopter
blades. The evaduation dso demondrated that the Southwell coefficients vary appreciably
with beam mass didribution and, to a lesser extent, with beam diffness distribution.
Severad groups of charts are presented for rapid estimation of the fird three bending
frequencies of a variety of hinged and cantilever beams vibraing in a plane perpendicular
to the plane of rotation of the blade. Bending mode shapes have adso been determined for
some hinged and cantilever beams, which show the effects of various parameters on the
mode shape.

Y ntema s method is vauable for gpplication in the following cases:

To provide the fird estimate in more exact detailed andyss methods such
as Myklestad, matrix iteration and Rayleigh-Ritz procedure.

To provide naturd frequencies of rotor blades and beams during
preliminary desgn.
To provide naturd frequenciesin parametric design studies.

To provide naturd frequencies wherever a rapid, efficient, but
approximate method is adequate.

To provide naturd frequencies in combination with Young-Felgar mode
shapes in more detailed analysis.
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III. MODELING THE YNTEMA METHOD IN MATLAB®

This chapter describes a computer modeling method to the Yntema method. The
statements below are based on the previous chapter and illustrate the planned
methodology. MATLAB® computer programming language developed by MathWorks,
Inc., has been chosen for the analysis. The computer code includes the parts of the
Yntema report that utilizes the Rayleigh approach to determine the first three bending
frequencies of rotating or nonrotating beams. The limitations of the computer code is the

same as the limitations of the Rayleigh approach demonstrated by Yntema.

A. DESCRIPTION

The nonrotating beam mode shapes are used to approximate the bending
frequencies of rotating beams. The nonrotating beam frequency coefficients (a,), zero-

offset Southwell coefficients (Kj,), and offset-correction factors for Southwell
coefficients (l?ln) were manually read from the Yntema report and stored in matrix

format. The values for stiffness ratios other than 0, 0.5, and 1 are faired through a second
order polynomial. If the mode shape of the rotating beam is known, the exact Rayleigh
equation is provided as another MATLAB® function to determine the exact bending

frequencies of the rotating beam.

The limitations of Yntema report are assumed, i.e. the mass ratio and the stiffness
ratio must be between zero and one. The value of the concentrated tip mass must be less
than or equal to the beam mass. For consistency, the units for rotational speed are given
in RPM (revolutions per minute), the resulting bending frequencies are given in CPM
(cycles per minute). Southwell plots are provided as an option in the function call. Tools

are provided to approximate a mass or stiffness distribution as linear.

B. EVALUATION

The Yntema report is assumed to be accurate enough for most of the cases

considered. Error corrections are incorporated only for the cases of:
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All of the fird three modes of the uniform hinged beam with a root offset
of 0~10 percent for al rotationa-speed parameter vaues. For this case,
the maximum error is 1.5% in dl modes, for the frequency vaue.

The fird mode of the uniform cantilever beam with a root offset between
zero and ten percent (exduding zero) for the rotationa-speed parameter
vaues gregter than two. For this case, the maximum error in the first mode
is between 4.8% and 4.3% for root offsets between 0% and 5%
respectively a the rotationa-speed parameter value of two, for the
estimated frequency.

The fird mode of the “linear” cantilever beam with a root offset between
zero and ten percent (excluding zero) for the rotationd-speed parameter
vaues greater than four. For this case, the maximum error in the firg
mode is between 5.5% and 4.7% for root offsets between 0% and 5%
respectively a the rotationd-speed parameter vaue of four, for the
estimated frequency.

The firda mode of the canttilever beam with any mass and diffness
digribution and zero root offset for the rotationd-speed parameter vaues
greater than two. For this case, the maximum error is 5% in the firs mode
a the rotationa-speed parameter vaue of two, for the edimaed
frequency.

The firg mode of the uniform cantilever beams with a concentrated tip
mass and zero root offset for r vaues between zero and one and the
rotationd-speed parameter vaues greater than two. For this case, the
maximum error is 6.5% in the firg mode at the rotationa-speed parameter

vaue of five, for the estimated frequency.

The corrections are made with the help of Figure 7. The difference (€) is given by

2.2 .2
aaN% 0] aa/an 9 e

éWNRﬂ B\/Iode_ Expansion éWNRn TQ?ayl eigh (23)

=) (W2 ) =(W2 ) - W],
R Mode_ Expansion R, Rayleigh NR,
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In Figure 7, e+f term is the Rayleigh approach result whereas f'is the more exact
result for any value of rotational-speed parameter. d+c term is the referenced Rayleigh
approach result whereas ‘¢’ is the referenced exact result for the value of rotational-speed
parameter shown on the corresponding Yntema figures. The error is zero at & and has its
maximum value at g. E and F just represent the results corresponding to the rotational-
speed parameters greater than the reference rotational-speed. For example, if the
maximum error is 10%, then d/c is equal to 0.10 and d+c is equal to

1+K, *(wnr ]/CONRn)2 *g. From this, first d and then e can be computed easily.

2
e= b d — a)NRl actual d

(24)
g—h g—h
2
Bz,
T d+c = Reference Rayleigh Result } E
i ¢ = Reference Maore Exact Result d
i e+f = Rayleigh ResLlt
I e = Rayleigh Error
|
|
|
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Figure 7. A Geometric Plot for Error Computation
For an example for the uniform hinged beam with a root offset of 0~10 percent,
Figure 8 shows the error correction (3% in the frequency squared) for the Rayleigh
results for all three modes. For this case, g=2, h=0, d/c=0.03, and d+c=1+2*K;. The plots
on the left show the results before the correction and the plots on the right show the

results after correction.

For the first mode of the uniform cantilever beams with a root offset between zero

and ten (excluding zero), Figure 9 shows the error correction (8.5~9.6% in the frequency
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squared) for the Rayleigh results. For this case, g=35, h=2, d/c=0.085~0.096,

d+c=1+35*K;.
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Figure 9.

Example Error Correction for Uniform Cantilever Beams with a Root Offset

between Zero and Ten Percent (Excluding Zero).
For the first mode of the “linear” cantilever beams with a root offset between zero
and ten (excluding zero), Figure 10 shows the error correction (9.4~11% in the frequency

squared) results. For this case, g=35, h=4, d/c=0.094~0.11, and d+c=1+35*K.
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Figure 10. Example Error Correction for the First Mode of “Linear” Cantilever Beams with a
Root Offset between Zero or Ten Percent (Excluding Zero).

For the first mode of any cantilever beam with a concentrated tip mass and zero
root offset for all values of r between zero and one, Figure 11 shows the error correction
(10% in the frequency squared) results. For this case, g=35, h=2, d/c=0.10, and
d+c=1+35*K;.
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Figure 11.  Error Correction for the First Mode of Any Cantilever Beam with a Concentrated
Tip Mass and Zero Root Offset.
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For the first mode of the uniform cantilever beams with a concentrated tip mass
and zero root offset for all values of r between zero and one, Figure 12 shows the error
correction (13% in the frequency squared) results. For this case, g=200, h=5, d/c=0.13,
and d+c=1+200*K;.
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Figure 12.  Error Correction for the First Mode of Uniform Cantilever Beams with a
Concentrated Tip Mass and Zero Root Offset.

It should be noted that a beam having a mass ratio of greater than 99.5% and a
stiffness ratio of greater than 99%, is treated as a uniform beam in the error correction
computations. Similarly, a beam having a mass ratio of less than 0.5% and a stiffness
ratio of less than 1%, is treated as a “linear” beam. Also, if the root offset is less than
0.1%, it is treated as zero offset. These adjustments have been incorporated for some
flexibility in the numerical computations. Because there is limited data in the Yntema

report, further adjustments can not be justified.

C MATLAB® CODES AND GUI FOR RAPID ESTIMATION OF BENDING
FREQUENCIES

The curves on the Yntema charts have been measured manually and put into a
MATLAB® script file called YNTECOEF.M. This file produces the polynomial

coefficients for the Yntema curves. These polynomial coefficients saved in a file called
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YNTECOEF.MAT, will be used by the main MATLAB® function file, YNTEMA, to
return the bending frequency and Southwell coefficients for a particular beam.

YNTECOEF .M script file is listed in Appendix B.

For rotating hinged or cantilever beams with linear mass and stiffness
distributions, a main MATLAB® function, YNTEMA, has been created to give the
bending frequency results. The YNTEMA function accepts the characteristic values of a
beam and then computes its natural bending frequencies by means of the nonrotating
beam frequency and Southwell coefficients read from YNTECOEF.MAT file. In case of
missing or erroneous inputs, the default values are acquired from the YNTEDFLT.MAT
file. Error corrections mentioned in the previous section are incorporated into the
computations. The angle of attack correction mechanism of the YNTEMA function may
be enabled if an angle of attack value is included in the function call. YNTEMA function
returns the values of the blade natural bending frequencies corresponding to each and
every value of the rotational speed vector which is specified in the function call. The first
element of the resulting bending frequency vector is for the operating rotor speed value.
Along with the bending frequencies, YNTEMA function returns the nonrotating beam
bending frequency and Southwell coefficients read from YNTECOEF.MAT. If an angle
of attack value is specified as input argument, the output arguments include the corrected
bending frequency values along with the uncorrected bending frequency values. The
Southwell plot corresponding to the input values can be output if needed. A Southwell
plot shows the change of the frequency values with respect to the rotational speed. The
effect of angle of attack can be demonstrated on a modified kind of Southwell plot which
shows the corrected bending frequency values as well as the uncorrected frequency
values. A third kind of plot is a 3-dimensional mesh plot which demonstrates the change
in bending frequency for a range of rotational speed and a range of angle of attack values.
YNTEMA function file is listed in Appendix C and YNTEDFLT script file is listed in
Appendix B.

For rotating beams with mass and stiffness distributions not representable by
linear relations, another MATLAB® function, YNTERYGH, has been created for beams
with any mass and stiffness distributions. This function file computes the basic Rayleigh
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energy equation, Equation(1), and therefore essentially requires a mode shape result to
determine its bending frequency. The function accepts only one mode shape and returns
the corresponding bending frequency value along with the nonrotating beam bending
frequency and Southwell coefficients computed from the integrations of Equation(1).

YNTERYGH function file is listed in Appendix C.

A GUI function file, YNTEMAGUI, has been created for ease of use and
flexibility. The GUI function accepts the same inputs and returns the same outputs as the
YNTEMA function. YNTEMAGUI function internally calls the YNTEMAG function
which is essentially identical to YNTEMA function. The advantage of the GUI is that it is
not needed to write all the inputs again if an input value is needed to be changed and that
the outputs are altogether displayed on a single window. YNTEMAGUI function file is
listed in Appendix D.

There are three utility functions for use in conjunction with the YNTEMA and
YNTERYGH functions. The first utility function, MAKELINE, is used to linearize a
nonlinear distribution along the blade. The second, LINKMASS function, is used to
redistribute the mass distribution vector into a larger vector filling the middle values with
zero. The third function, LINKSPOR, redistributes the stiffness distribution vector into a
larger vector interpolating the middle values and also returns the order of the polynomial
which can be used to fit a curve for the stiffness distribution. MAKELINE, LINKMASS,
and LINKSPOR utility functions are listed in Appendix C.

D. MATLAB® CODE FOR BENDING MODE SHAPES

The first three bending mode shapes, along with their first and second derivatives,
for the cantilever and hinged beams provided by Yntema have been tabulated into a
MATLAB® script file, YNTEMOSHCOEF.M, for nonrotating hinged or cantilever
beams. This file produces the polynomial coefficients of the curves fitted for the
deflection and derivative values of the nonrotating beams provided Yntema. Then the

polynomial coefficients are saved in the file YNTEMOSHCOEF.MAT to be referred by

30



the MATLAB® function, YNTEMOSHNR. YNTEMOSHNR function takes the mass
and stiffness ratios of a hinged or cantilever beam as input arguments, reads the
polynomial coefficients from the YNTEMOSHCOEF.MAT file, and interpolates a curve
for the mode shape result. The mode shapes can be shown on a single plot or three
subplots if needed. YNTEMOSHCOEF.M script file is listed in Appendix B and
YNTEMOSHNR function file is listed in Appendix C.

E. VERIFICATION AND VALIDATION OF THE SOFTWARE

This section provides the verification and validation of the MATLAB® code and
GUI generated. All of the codes have been verified for the syntax errors. The curves
fitted to the Yntema figures have been validated by visual inspection and manual
measurements which are the most suitable procedures for this kind of validation. The
function and utility files have been verified and validated by numerous procedures for
both usability and their results. The GUI has been verified and validated in a more direct

fashion.

1. Verification And Validation Of The Fitted Curves

The MATLAB® script files have been debugged to be free of syntax errors.

a. Validation Of The MATLAB® Script File For Calculating
Southwell And Nonrotating Beam Bending Frequency
Coefficients

Figures 13 through 23 show the reproduced Yntema figures by the
YNTECOEF.M script file. Visual inspection and manual measurements demonstrate that
the reproduced figures are very accurate so much that they can be used in place of the
Yntema figures. Therefore, the polynomial coefficients produced by YNTECOEF.M and
saved in the YNTECOEF.MAT file are accurate enough for use with any function.
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Stiffness Distributions. (After: Ref. [1])

36



0=0
0=
0=

5 d I
[-— E|E
| - ElEl
| ELE

.0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.3 1

14 e demsikssRssNEii R RN T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

mt/mo

Figure 18.  Offset-correction Factors for Southwell Coefficient K,, for Cantilever Beams
with Linear Mass and Stiffness Distributions. (After: Ref. [1])

37



Figure 19. Bending Frequency Coefficients for Nonrotating Uniform Cantilever Beams with
a Mass at the Tip. (r = Tip_Mass / Beam_ Mass) (After: Ref. [1])
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Figure 20.  Zero-offset Southwell Coefficients for a Uniform Cantilever Beam with a Mass at
the Tip. (r = Tip_Mass / Beam Mass) (After: Ref. [1])
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Figure 21. Bending Frequency Coefficients for Nonrotating Uniform Hinged Beams with a
Mass at the Tip. (r = Tip_Mass / Beam Mass) (After: Ref. [1])
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Figure 22.  Zero-offset Southwell Coefficients for a Uniform Hinged Beam with a Mass at
the Tip. (r = Tip_Mass / Beam Mass) (After: Ref. [1])
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42



b. Validation Of The MATLAB® Script File For Nonrotating Beam
Mode Shapes

Figure 24 through 43 show the reproduced nonrotating beam mode shapes
for corresponding Yntema figures. These figures have been generated by
YNTEMOSHCOEF.M file. The figures have been visually inspected and manually
measured for some reference values and have been found to correspond very well to the
Yntema figures. Because both computer-produced and Yntema figures use the same
deflection values and there are no manual measurements, they can be accepted as the
same. Also in Figures 33 and 43, the first mode shapes of the characteristic beams have
been compared for extra evaluations and found to perfectly match the Yntema results.
Therefore, the coefficients of YNTEMOSHCOEF.M are accurate representations of

Yntema’s results.
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43



CANTILEVER m=m, & EIl = El,(1-xhat/2):
3.5

: : S 20
— MODE 1 2
== 1st Derivative

2nd Derivative

50

— MODE 3
+ 1st Derivative :
+ 2nd Derivative |}

A5E il
B — MODE 2
. : Fororir == st Derivative : :
fsdpnd e el e S D o 2nd Derivative e % e wie
05— e - o 20 T : =Yg R ek R
o] 0.5 1 o] 0.5 1 o]

Figure 25. Nonrotating Cantilever Beam Mode Shape. (After: Ref. [1])
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Figure 26. Nonrotating Cantilever Beam Mode Shape. (After: Ref. [1])

44



CANTILEVER m = my(1-xhat/2) & El=El;:
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Figure 27.
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CANTILEVER m = my(1-xhat/2) & El = El,(1-xhat):
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Figure 29.
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CANTILEVER m = m(1-xhat) & EI = El (1-xhat/2):
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Figure 31.
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CANTILEVER BEAM FIRST BENDING MODE COMPARISON
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Figure 33. Bending Mode Shape Comparison for the First Mode of Cantilever Beam.
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Figure 34.  Nonrotating Hinged Beam Mode Shape. (After: Ref. [1])
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Figure 35. Nonrotating Hinged Beam Mode Shape. (After: Ref. [1])
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HINGED m =m, & El = El(1-xhat):
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Figure 36. Nonrotating Hinged Beam Mode Shape. (After: Ref. [1])
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HINGED m = mg(1-xhat/2) & El= Ely(1-xhat/2):
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Figure 38.  Nonrotating Hinged Beam Mode Shape. (After: Ref. [1])
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Figure 39. Nonrotating Hinged Beam Mode Shape. (After: Ref. [1])
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HINGED m = my(1-xhat) & EI=El;:
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Figure 40.
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HINGED m = mg(1-xhat) & EI = El,(1-xhat):
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Figure 42. Nonrotating Hinged Beam Mode Shape. (After: Ref. [1])
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HINGED BEAM FIRST BENDING MODE COMPARISON:
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Figure 43. Bending Mode Shape Comparison for the First Mode of Hinged Beam
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2. Verification And Validation Of The Function Files

a. Verification And Validation Of YNTEMA Function

Because the size of the YNTEMA function file is very large, it is needed
to verify the syntax of the function file in the beginning. Section 1 in Appendix E gives a
MATLAB® code for making the YNTEMA function calls in a systematical way. This
file has been executed successfully for a long time and for different input values, and
therefore the YNTEMA function can be said to be free of syntax errors. Section 2 in
Appendix E gives the code for checking if the YNTEMA function reads the polynomial
coefficients and computes the bending frequency and Southwell coefficients correctly.
This code has been executed and the plots have been compared with the original plots of
the Yntema report for the bending frequency and Southwell coefficients. This comparison
has demonstrated that the YNTEMA function perfectly regenerates the bending

frequency and Southwell coefficients.

To demonstrate the accuracy of YNTEMA function, first let us consider a
simple uniform cantilever beam. Bisplinghoff [Ref. 5] gives the bending frequency
expressions of a uniform cantilever beam without root offset. Table 2 compares the
results of Bisplinghoff with the results of YNTEMA function. As can be seen, the results

are very accurate the differences being caused by slightly different frequency coefficients

used by either method.
COMMON INPUTS
Modulus of Elasticity | 1x10 psi Blade Length | 200 inches
Moment of Inertia | 2 in* Mass per Length | 0.0022 1bm/in
COMPUTATION
YNTEMA

Function Call: yntema(1,"C",0,200,1¢7,0.0022,2)

1*" mode: 2" mode: 3" mode:

Equations from 2 ’ ’ ’
BisplinghofF: (0.597Y’ (7} S 149y [%) \/ﬂ G) (%) \/ﬂ
m m n

BENDING FREQUENCY RESULTS

Modes YNTEMA Function Bisplinghoff
1% 4.0748 CPM = 0.4267 rad/sec 0.4267 rad/sec
o 25.48 CPM = 2.6682 rad/sec 2.6581 rad/sec
31 72.026 CPM = 7.5425 rad/sec 7.4831 rad/sec

Table 2. A Comparison of Results for a Uniform Cantilever Beam.
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The YNTEMA function adso returns the Southwell plot as well as a lig of
assumptions that has been made. Figure 44 gives the Southwdl plot for this uniform
cantilever beam and Table 3 gives the messages displayed by YNTEMA function.

SOUTWELL PLOT
Blade Matural Frequencies W5 Rotational Speed

45':”} I T T T T
=== Example Rigid Body Flapping Maode
ist Flap Mode 1
4000 <— 2nd Flap Mode
—=— 3rd Flap Mode
Crperating Rotor Speed
3500 aP
=
O 9npp | Candileveror Hinged 7= C g
= Hinge offset {e/L} = 0 AaoW
& myfmg = 1 AR
%25W'EII"EIH=| i ﬁﬁ,_:e:f:‘ic o
s M _Am*Li=r=0 _f_l_.__;_{. 1
e Operating Rotor Speed = 470 e ap
& 2000 - & i 5
= e i
P _.,,;,-.l“:’“ W,
o F a0 "
§15|:H:-— -,.;:k*f# e ”
g 3
1.~?"'-'5'ﬁ
10043 - . _’_:1{:.,;;( "
_{;_JFE‘F?. W
:JG???“- ,...,.-,------n-\u-'--7-'-"""""_J-‘":hl L]
5':“) I = ‘“r-“ & ....ld-il-l—l'i--""""r.-“._ =
. ..a.':'-!:—*‘:;"# _:._--.....--..-.---'-‘”"""'-
oHEisen =T i | i £ .
0 100 200 300 400 500 500 700

Rotor Speed, [RPM]
Figure44. Southwdl Pot for the Example Uniform Cantilever Beam.

>> [wl, w2, w3, w0, rot or Speed] =yntema(1,' C, 0, 200, 1e7, 0. 0022, 2);
ATTENTI ON: You did not specify any extra input argunments.

The beamis assumed to be uniformand without a concentrated mass at the tip.
WARNI NG. No operating rotor speed has been input as the |last el enent of the rtrSpdRng
input argunent... An arbitrary value has been assigned for the operating rotor speed.
WARNI NG The rigid body bending node cannot be cal cul ated because the Southwell
coefficients are enpty for the Oth-npde. The beam may be cantil ever for which the Oth-

mode Sout hwel | coefficients are enpty... Check below If the beamis Cantilever, there is
no problem THE BEAM IS CANTI LEVER. THERE IS NO Oth MODE FOR CANTI LEVER BEAMNS.
0t h- nnde Bendi ng Frequency can not be plotted... Its value is output below (may be

empty!) 0 But it is assuned to be (1.03 * 1P) which is plotted for exanple.
Total Run Time is 1.271 sec.

Cantilever or Hinged ? = C

Root offset (e/L) =0

mt/mo0O =1

El _t/EI_O0 =1

MT/(mO*L) =r =0

Oper ating Rotor Speed = 470

Table3.  TheList of Messages Displayed by YNTEMA Function for the Example Uniform
Cantilever Beam.
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To examine the robustness of YNTEMA function, a cantilever beam but,
this time, with a linear mass didribution and a nonlinear diffness didribution is used as
described in Bisplinghoff [Ref. 5]. Since the beam has a nonlinear giffness didribution,
YNTEMA function does not return accurate results for this beam. However, the diffness
digribution can be linearized with MAKELINE function, and then the YNTEMA
function can be used for approximate bending frequency results. Figure 45 shows the
beam with its actua and linearized diffness didribution vaues. There were origindly
eleven diffness vaues, but we can incorporate LINKSPOR function to get, eg., a
hundred diffness vaues. Then we can linearize the didribution usng MAKELINE
function. Since the diffness didribution seems to be very high near the root section, we
can uxe a cutoff vaue of, say, 20 for the root. With the polynomia coefficients found
from the MAKELINE function, the diffness vaues a the root and the tip can be
determined. The diffness a the tip is negative but it can be assumed to be zero because
its magnitude is vey gmdl. The YNTEMA function is then cdled to edimate
approximate bending frequency results. Table 4 summarizes the procedure.

Maoment of Inertia (1)
Q
("]

0 20 a0 60 8O 100 120 140 160 180 200
Biade Length (L)

Figure45. Example Cantilever Beam with Nonlinear Stiffness Digtribution.
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>> minert = (2/3) .* [1 .7787 .5927 .4389 .3144 .2160 .1406 .08518 .04665 .02195 .008];
>> xinert = [0:20:200];

>> [outvec, outord, outvecx] =l i nkspor (m nert, 200, 100);
>> pol yval (makel i ne(out vec, out vecx, 20), 0)

ans = 0. 4648

>> pol yval (makel i ne( out vec, out vecx, 20), 200)

ans = -0.0792

>> | _root = polyval (makel i ne(outvec, outvecx, 20), 0)

| _root = 0. 4648

>> | _tip = polyval (nmakeline(outvec, outvecx, 20), 200)
| tip = -0.0792

>> | _tip=20
>> [wl, w2, w3, w0, r ot or Speed, coeffs] = yntena(1,'C , 0,200, 1e7,0.001, | _root," ' ntip',0.0002
"Itip',l_tip);

Table4.  The Procedure for Nonlinear Cantilever Beam Computation.

The bending frequency results and the Southwell plot for the nonlinear
cantilever beam are given in Table 5 and Figure 46 respectively. The YNTEMA result for
the firs mode is very accurate and for higher modes the error seems to be increasing.
This case is vdid for dl methods as wel as the Yntema method. Remember that the
Yntema results are rapid approximations rather than exact solutions and a nonlinear
cantilever beam is a potentid worst case scenario. Errors of YNTEMA are wdl within

the errors encountered by Bisplinghoff [Ref. 5].

COMMON INPUTS

Modulus of Elasticity | 1x10” ps Blade Lengtl | 200 inches

Mass per Length a Root | 0.001 lbm/in Mass per Length at Tip | 0.0002 Ibm/in

BENDING FREQUENCY RESULTS

Modes | Bxact[Ref.5 | O oe | S et | YNTEMA
1% | odsosradisec | FOOS RN = | 0049~ 2.38% 0.06%
29 | 163592radisec | S oM -0.96% ~ 42% -19.6%
39| 38316Lradisec | ‘Tomep i | -112%~66.2% -26.7%

Table5. A Comparison of Results for a Nonlinear Cantilever Beam.
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SOUTWELL PLOT
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Figure 46. Southwell Plot for a Nonlinear Cantilever Beam.

b. Verification And Validation Of YNTERYGH Function

As the basis for YNTERYGH function, Equation(1) has been adapted for

numerical analysis. Equation(1) can be defined with appropriate parameters as follows:

,  num, +(num20+e-num21)

o (25)

;=
" denum denum

For a beam with #n stations from the root to the tip, these parameters are given by

denum = IOL myjdx = zn:[m(i) -(v(@))? Ax}

i=1

num, = IOL El"dx = ZH:[EI(I‘) -(y"(0))? Ax]
- n { n (26)

num,, = IOL y? U: xmdx:I dx = Z (V'(0))* -1 D_[x())-m(i)- Ax] p- Ax

i=1 j=i

n

num,, = IOL y? U: mdx} dx = Z”: (V' (i))*- [m(i).Ax] -Ax

i= =
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where (i) shows the value of each parameter at corresponding station. The bending

frequency and Southwell coefficients in terms of these parameters are given by

( s j-ma)-L‘*

_ denum

! EI(1)

K, - num,, 27)
" denum

K - num,,

" denum

The nature of numerical computation requires the number of intervals, n,
be as large as possible for more accurate results. In addition the distribution vectors of all
variables must be in the same length. The length of the mass distribution vector can be
increased by the LINKMASS function whereas the distribution vectors of deflection,
derivatives, and stiffness can be increased in length by the LINKSPOR function.

In Appendix E, Section 3 lists a code for running YNTERYGH function in
an effort to determine the bending frequency and Southwell coefficients given by
Yntema. The results and error calculations are given in Figures 47 through 58 below.
Even though the curves produced by YNTERYGH overestimate the results of Yntema,
they predict the changes in mass and stiffness quite well. Except for the low and very
high values of m_tip/m_root, the errors for the hinged beam are roughly + 5% for the

coefficients. For the cantilever beam, the error is higher, about an average of = 10%.
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CANTILEVER, mg=0.00033 lbm/in, |,=1.19 in*, E=1e7 psi
150 ————+———1——

a3

NEEEEEEEEE N Pid b EREL S REREN Pd D
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

m,/m,
Figure 47. YNTERYGH Generated Bending Frequency Coefficients for Cantilever Beams
with Linear Mass and Stiffness Distributions.

61



CANTILEVER, m,=0.00033 Ibm/in, 1,=1.19 in* E=1e7 psi

e 1.25

0 01 02 03 0.4 05 06 07 0.8 09 1
m,/m,

Figure 48. ' YNTERYGH Generated Zero-offset Southwell Coefficients for Cantilever Beams
with Linear Mass and Stiffness Distributions.
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CANTILEVER, m

0=0.00033 bmfin, 1,=1.19 in* E=1e7 psi
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my/m,
Figure 49. YNTERYGH Generated Offset-correction Factors for Southwell Coefficients for
Cantilever Beams with Linear Mass and Stiffness Distributions.
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HINGED, m,=0.00033 lIbm/in, 1,=1.19 in* E=1e7 psi

0 0.1 0.2 0.3 0.4 05 0.6 07 0.8 09 1
m,/m,

Figure 50. ' YNTERYGH Generated Bending Frequency Coefficients for Hinged Beams with
Linear Mass and Stiffness Distributions.
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HINGED, m,=0.00033 lbm/in, 1,=1.19 in* E=1e7 psi

K02

i 1iIR1IR1101IRITRIINE1 1R1IREIREINET 1

RN
0 01 0.2 0.3 0.4 05 06 07 0.8 0.9 1

mt/mr

Figure 51. ' YNTERYGH Generated Zero-offset Southwell Coefficients for Hinged Beams
with Linear Mass and Stiffness Distributions.
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HINGED, m,;=0.00033 lbm/in, 1,=1.19 in* E=1e7 psi
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Figure 52. YNTERYGH Generated Offset-correction Factors for Southwell Coefficients for

Hinged Beams with Linear Mass and Stiffness Distributions.
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CANTILEVER, m,=0.00033 lbmvin, 1,=1.19 in*, E=1e7 psi
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Figure 53.  Error Percentages for YNTERYGH Generated Bending Frequency Coefficients
for Cantilever Beams with Linear Mass and Stiffness Distributions.
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CANTILEVER, m,=0.00033 lbm/n, 1,=1.19 in* E=1e7 psi
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Figure 54.  Error Percentages for YNTERYGH Generated Zero-offset Southwell Coefficients
for Cantilever Beams with Linear Mass and Stiffness Distributions.
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CANTILEVER, m,=0.00033 Ibm/n, 1,=1.19 in* E=1e7 psi
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Figure 55.  Error Percentages for YNTERYGH Generated Offset-correction Factors for
Southwell Coefficients for Cantilever Beams with Linear Mass and Stiffness
Distributions.
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HINGED, m0=0.00033 lbmiin, |0=1.19 in4, E=1e7 psi
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Figure 56.  Error Percentages for YNTERYGH Generated Bending Frequency Coefficients
for Hinged Beams with Linear Mass and Stiffness Distributions.
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HINGED, m,=0.00033 Ibm/in, 1,=1.19 in* E=1e7 psi
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Figure 57.  Error Percentages for YNTERYGH Generated Zero-offset Southwell Coefficients
for Hinged Beams with Linear Mass and Stiffness Distributions.
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HINGED, m,=0.00033 lbm/in, 1,=1.19 in* E=1e7 psi
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Figure 58.  Error Percentages for YNTERYGH Generated Offset-correction Factors for
Southwell Coefficients for Hinged Beams with Linear Mass and Stiffness Distributions.
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It should be moted that the Yntema figures use the nondimensionalized
Rayleigh equation, Equationg9)~(12), whereas the YNTERYGH function uses the
dimensional Rayleigh eguation, Equation(l). Although it has been tried to manualy
reproduce the origind Yntema figures, the Yntema figures for the bending frequency
codfficients ae essy to veify but the Southwel coefficient figures are agan
overestimated by manud caculations.

C. Verification And Validation Of YNTEMOSHNR Function

Although a linear interpolation method has been incorporated for the mode
shapes of nonrotating beams, YNTEMOSHNR function results may be accepted to be
very accurate. Figures 59 and 60 demondrate the accuracy of the YNTEMOSHNR
function for ahinged and a cantilever beam respectively.

First Mode Shape Comparison for a Hinged Beam (mym, = 1)
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Figure59. A Vdidaion of YNTEMOSHNR Function for a Hinged Beam.
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Third Mode Shape Companson for a Canfilever Beam trnl-fmu = 1)
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Figure60. A Vdidation of YNTEMOSHNR Function for a Cantilever Beam.

Further effort could be spent on the accuracy of YNTEMOSHNR function
which uses linear interpolation between {0 0.5} or {0.5 1} to get the results. A 2%-degree
curve could be fitted but this curve would not yield respectable results if mip/Myoot OF
Eliip/Elroot Values are dmost the same a intersection points. In this case, a 2" degree
curve crested by MATLAB® between three points extends beyond the logica limits. For
example, a deflection vadue for x=0.7 can be greater than its vaues for x=0.5 and x=1.
Figure 61 shows a comparison of linear and parabolic interpolations. The parabolic
interpolation, which is expected to be more accurate than linear interpolation, can yield
an inaccurate result especialy in the shadowed area.
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Figure 62. Nonrotating Beam Mode Shapes

3. Validation Of The Utility Files

a. Validation Of MAKELINE Function

The accuracy of MAKELINE function is directly proportional to the
number of input data points, i.e., the length of the input vectors. Figure 62 demonstrates a
validation of this function. Although depending on your intentions, this function yields

very accurate results when cut-off values are not ignored and chosen carefully.
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10| — Line fitted for all points
— Line fitted for all point except root and tip
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Figure 63. A Validation of the MAKELINE Function.
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b. Validation Of LINKMASS Function

Figure 63 validates the accuracy and usability of LINKMASS function.
The data points, originally in a 1x11 vector, are redistributed into a 1x101 vector having
their original abscissa values. In other words, zeros have been filled between two
consecutive values in the original vector in order to rearrange the size of the vector. This
demonstrates the functionality of LINKMASS function for concentrated mass

distributions which need to have a different size but must not loose the original abscissa

values.
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Figure 64. A Validation of the LINKMASS Function.

c. Validation Of LINKSPOR Function

Figure 64 validates the accuracy and usability of LINKSPOR function.
The data points, originally in a 1x11 vector, are redistributed into a 1x101 vector having
their original abscissa values and the middle values are linearly added between two
consecutive values in the original vector in order to rearrange the size of the vector. This
demonstrates the functionality of LINKSPOR function for continuous distributions, such

as stiffness distribution, which need to have a different size but must not loose the
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original abscissa values. Note that the values of the original vector must correspond to

linear abscissa values.

: ; i ©  Actual stiffness distribution | -

Stiffness

Stiffness

G 0.1 02 03 0.4 0.5 06 07 08 09
Blade Stations

Figure 65. A Validation Of LINKSPOR Function.

4. Verification And Validation Of The Graphical User Interface (GUI)
The YNTEMAGUIM file has been debugged to work properly. It has also been
checked for syntax errors and no error could be found.

The GUI has been executed for several times and its results have been compared
with the results acquired from the YNTEMA.M function. All results are found to be
identical. Since the GUI file uses the YNTEMAG.M function file which is essentially

identical to YNTEMA.M, the results will always be the same.
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V. CONCLUSIONSAND RECOMMENDATIONS FOR FUTURE
RESEARCH

A. CONCLUDING REMARKS

A MATLAB® code, YNTEMA, which uses the method of Yntema [Ref. 1], has
been created for a rgpid estimation of bending frequencies of rotating and nonrotating
blades. The Rayleigh energy approach of Yntema utilizes nonrotating beam mode shapes
ingtead of rotating beam mode shapes to determine the bending frequencies. This method
yidds reasonably accurate results for rotating hinged or cantilever beams with arbitrary
diffress and mass didributions, and uniform hinged or cantilever beams with a
concentrated mass a the tip at least within the rotational speed limits of helicopter blades.
The Rayleigh energy approach of Yntema has the advantage of improved accuracy and
wider applicability over other smplified approaches and the advantage of smplicity and

flexibility over more exact gpproaches.

The bending frequency and Southwel coefficient plots given by Yntema have
been digitized to be referred by severd MATLAB® functions written for computations.
Reproduction of the bending frequency and Southwell coefficient plots by the computer
code show that these coefficients have been accuratdly trandferred into a digita medium.
The time required to caculate bending frequencies of rotating and nonrotating blades has
been reduced ggnificaily, which is needed for the preiminary desgn process This
software tries to fulfill the necessty of nealy five decades of trandferring Yntema
method into a computer medium where quick and reasonably accurate results can be
achieved.

In case of nonlinear mass or diffness didributions and lack of a mode shape
result, severd of utility functions have been created to linearize these didributions in the
determination of approximate bending frequencies. The input and output arguments of
these functions have been generdized to be used with any didribution. They should
prove very useful especidly in further researches on the topic of this study.
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Another MATLAB® function, YNTERYGH, has been created to compute the
exact Rayleigh energy equation for rotating beam bending frequencies provided that a
mode shape is avalable. Approximate mode shapes give good results as wdl as the
nonrotating beam bending mode shapes. This function is expected to yied results which
are in error by less than three percent, except for the firs mode which may be in error by
as much as five percent. These errors can be corrected to give more accurate results.
Neverthdess, care must be taken into account when sdlecting an gpproximate mode shape
since an ingppropriate mode shape can yied very rough results.

For the determination of the mode shape of a nonrotating hinged or cantilever
beam without a tip mass and root offset, YNTEMOSHNR function has been created for
liner mass and diffness didributions. This function yidds very accurate mode shapes
which are dso smilar to rotating beam mode shapes.

Evduation of the software has been made and it performs very well yidding very
accurate results. The software can be used anywhere the Yntema method is used,
especidly for preliminary design purposes.

A detalled graphicd user interface (GUI) has been produced for the YNTEMA
function. The GUI provides extra ease of use and flexibility for a user. The GUI uses the
same input arguments as the YNTEMA function but provides the advantages of being
quicker and easier to use. The output results and plots are displayed on the same windows
as the inputs and just changing one input vaue does not require to input dl the other
inputs again.

User’s guides have been provided for dl files and functions of the computer code
as wel as the grgphicd user interface. Detaled input and output argument forms have
been tabulated and several sample runs of the software have been demonstrated.
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B. RECOMMENDATIONS FOR FUTURE RESEARCH

Although the software performs very well and generated reasonable results, it is
bound by the flexibility of the origind Yntema method. A further research topic could be
expanding the gpplication limits of Yntema report to incorporate more range for mass and
diffness didributions. By acquiring and utilizing more blade daa from severd blade
manufacturing companies, the Rayleigh approach may be andyzed and developed to
incorporate arbitrary concentrated mass didtributions dong the blade. Blade twigt, which
is absent in the Yntema report, can be researched about its effects on the computations
and the results. Getting the mode shapes of rotating beams by Rayleigh gpproach can
prove to be a useful task. Linearization of nonlinear digtributions for optimum results can

be investigated in more depth.

Also, this computer should be incorporated into the next upgrade to JANRAD
(Joint Army Navy Research and Development Software for Rotorcraft) software for use
with helicopter performance and dability analyss tools. For example, the YNTEMA
software can be very useful in providing a good darting point for more exact iteration
methods which may take up sometimeto yield aresult for bending frequency vaues.
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APPENDIX A. USER’S GUIDE FOR THE MATLAB® CODE AND
GRAPHICAL USER INTERFACE

This Appendix provides a user’s guide documentation for the MATLAB® codes
and graphical user interface (GUI) generated for Yntema method. Appendices B through
D list the MATLAB® codes for all of the files mentioned below.

A. MATLAB® SCRIPT FILES FOR DEFAULT VALUES AND CURVE-
FITTING

The MATLAB® functions require a default value file and several files containing
polynomial coefficients that will be loaded onto the workspace when a function call is
made. These files have the extension “.MAT”. The files with the same name and with an

extension “.M”, reproduce these MAT files if changes are needed to default values.

1. YNTEDFLT.M And YNTEDFLT.MAT For Default Input Arguments

The default-value file, YNTEDFLT.MAT, provides the modulus of elasticity, the
moment of inertia, the blade mass per length at root, the blade length, the operating rotor
speed values and a range of rotor speed values which are loaded into workspace when
YNTEMA function is called. Any of these values take the place of any corresponding

input arguments missing or wrongfully specified in the function call statement.

All of the values are taken from the specifications of OH-6 helicopter. If these
values need to be changed for practicality or convenience purposes, it is enough to
change the values in the YNTEDFLT.M file. Then you have to run this file in a cleared
workspace and save the workspace as YNTEDFLT.MAT. For example, if you have a
fixed operating rotor speed value, you may want to change its corresponding variable in
the default file and adjust the rotor speed range. Afterwards you will not need to input
any operating rotor speed value and rotor speed range when you call the function because
the default values will be used as corresponding inputs. The YNTEDFLT.MAT file must
be in the same directory as the YNTEMA function file.

83



2. YNTECOEF.M And YNTECOEF.MAT For The Determination Of
Frequency And Southwell Coefficients For A Given Beam

The file, YNTECOEF.M, fits a curve for each of the input values from the
Yntema report curves and returns the eighth-degree polynomial coefficients for each
curve. Run this file in a cleared workspace and then save the workspace as

YNTECOEF.MAT which is to be referred by YNTEMA function.

Variables beginning with 'mf' are the measurements read with a 1/120-inch-ruler.
Variables beginning with 'xmf' are the multipliers to convert 'mf' measurements into real
measurements. Variables beginning with 'smf' are the offset values to add to real
measurements so as to get the final values on the Yntema charts. Simply: Read a point
on the graph with a 1/120-inch-ruler, (mf), then multiply it with an appropriate
coefficient, (xmf), and add the offset value on the chart (smf). Then you have the
readings for the curve. Variables beginning with 'a' and 'K' are the coefficients of the
polynomials of the fitted curves. YNTECOEF.MAT file must be in the same directory as
the YNTEMA function file. The MATLAB® code for YNTECOEF.M in Appendix B
includes the plotting sections which are added for the verification of the file and can be

disregarded totally if need be.

3. YNTEMOSHCOEF.M And YNTEMOSHCOEF.MAT For The
Determination Of Mode Shapes Of Nonrotating Beams

The file, YNTEMOSHCOEF.M, generates the polynomial coefficients for the
mode results of some characteristic nonrotating hinged/cantilever beams with linear mass
and stiffness distributions and zero hinge offset. All results are taken from the Yntema
Report Table III & IV. Run this file in a cleared workspace and save the workspace as
YNTEMOSHCOEF.MAT which is to be referred by YNTEMOSHNR() function for the
determination  of  mode shapes of  corresponding  rotating  beams.
YNTEMOSHCOEF.MAT file must be in the same directory as the YNTEMOSHNR
function file. The MATLAB® code for YNTEMOSHCOEF.M in Appendix B includes
the plotting sections which are added for the verification of the file and can be

disregarded totally.
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B. MATLAB FUNCTION FILES

The MATLAB® functions below are the core of this study. They allow for the

rapid calculation of frequencies. The scripts for all functions are given in Appendix C.

1. YNTEMA Function For Nonrotating And Rotating Beam Bending
Frequencies

YNTEMA function rapidly gives the approximate bending frequencies of rotor
blades by the Yntema method and can re-compute these frequencies in case the principal
axis of the blade cross section is not parallel to but making an angle of attack with the
plane of rotation. The Yntema method uses a Rayleigh energy approach utilizing the
bending mode of nonrotating beam in the determination of the bending frequency of the
rotating beam. Polynomial coefficients for the Yntema curves are read from the
YNTECOEF.MAT file for the rapid estimation of the first three bending frequencies for
rotating and nonrotating cantilever and hinged beams with a variable mass and stiffness
distributions, as well as with root offsets from the axis of rotation. The case of rotating

uniform beams with a tip mass is also included. General statement for the function call is

WIw2 w3 w0,rtrSpd <,{a0,al,a2,a3,K0,K1,K2,K3}<,{wlksi,w2ksi,w3ksi,w0ksi}>>
<,{wlksi,w2ksi,w3ksi,wOksi}>] = YNTEMA(flagSouth,cantHing,eoffset,blength,melast,
maLen0,minert0<,'mtip’,maLenT><,'Itip",minertT><,'Mt",massTip><, [rtrSpdRng
<opRtrSpd>]><,'AoA' alfa>);

or simply,

[wil,w2,w3,w0,rtrSpd,varargout] = yntema(flagSouth,cantHing,eoffset,blength,melast,

malLen(,minert0,varargin),

where you have to input at least the first seven input arguments. You can omit all of the
output arguments at once. VARARGIN may include any combination of optional inputs
<,'mtip',maLenT> or <,'Itip',minertT> or <,'Mt',massTip> or <,[rtrSpdRng <opRtrSpd>]>
or <,”AoA’,alfa>. You have to input ‘mtip’ in single quotes just before entering the
malLenT value. The same procedure is required for ‘Itip’, ‘Mt’, and °‘AoA’.

VARARGOUT may include <yntema coefficients> or <wlksi,w2ksi,w3ksi,wOksi> or all
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five of them. ymtema coefficients is a cell array of only one cell containing
{a0,al,a2,a3,K0,K1,K2,K3} values. <wlksi,w2ksi,w3ksi,wOksi> returns corresponding
{wlksi, w2ksi, w3ksi, wOksi} values. [f VARARGIN is empty, the values are assumed to
be equal to their root values or zero, or empty. If VARARGOUT is empty, only the
original first five arguments are returned. Table 6 and 7 give the valid combinations for
VARARGIN and VARARGOUT statements respectively. Note that, for safe results, the
number of arguments in VARARGIN must be from zero to eight and the number of

arguments in VARARGOUT must be zero, one, four, or five.

VARARGIN

Valid Statement Result

The values are assumed to be equal to their presumed

[empty]

values.

_ Only maLenT value is assigned as the mass per unit length
'mtip';malenT _
at the tip. The others are presumed.

o Only minertT value is assigned as the moment of inertia at
"Itip',minertT )
the tip. The others are presumed.

Only massTip value is assigned as the concentrated tip

'Mt',massTip
mass. The others are presumed.
Only rtrSpdRng vector is assigned as the rotational speed
[rtrSpdRng]
range. The others are presumed.
Only rtrSpdRng vector and opRtrSpd values are assigned as
[[rtrSpdRng] opRtrSpd] the rotational speed range and the operating rotor speed.
The others are presumed.
Only alfa value is assigned as the angle of attack of the
’A0A’alfa

blade. The others are presumed.

o Only the specified values are assigned to their respective
Any combination of above. _
variables. The others are presumed.

Table 6.  Valid Inputs for VARARGIN of the YNTEMA Function.
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VARARGOUT

Valid Statement Result

[empty] [empty]

{a0,al,a2,a3,K0,K1,K2,K3,K00,K01,K02,K03,Kh10,Khll,
Khi12,Khl3} is returned in a cell array of one cell.

,coeffs ‘coeffs(1)’ returns ‘[a0] .

‘coeffs{1}’ returns the value of a0.

{wlksi,w2ksi,w3ksi,wOksi} is returned in a cell array of four
wlk,w2k,w3k,w0k cells.
‘wlk’ returns the value of wiksi.

{{a0,al,a2,a3,K0,K1,K2,K3} wlksiw2ksi,w3ksi,wOksi} is
returned in a cell array of five cells.

-coeffs,wik,w2k,w3k,w0k ‘coeffs{1}’ returns the value of a0.

‘wlk’ returns the value of wiksi.
Table 7. Valid Inputs for VARARGOUT of the YNTEMA Function.

The descriptions and limitations of input arguments are given in Table 8. It is
important to input these arguments according to their limitations and units. Otherwise, the
function will probably result in an early termination or an infinite loop; at the very best,
even if you get an non-terminated result, you should not count on this result. If you need
to incorporate the angle-of-attack corrections, you should input a value for the angle of
attack. If you have a nonlinear mass or stiffness distribution, do not use the YNTEMA
function with the root and tip values you have. Instead, try one of the utility functions
described in the next section and linearize the distributions. Then, you can use YNTEMA

function with new root and tip values for approximate results.

The descriptions of output arguments are given in Table 9. The rotational speed
range is in revolutions per minute (RPM) and the frequencies are in cycles per minute
(CPM) as for the case of Southwell plots. Note that you can use three or four output
arguments to get only the bending frequencies provided that you follow the sequence of
output arguments. In this case, disregard the error message about the number of output

arguments. As a reminder, you can use any variable name for an output argument.
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INPUT ARGUMENTS FOR YNTEMA

Name Description Limitations Units
0 =No plot.
1 = Southwell plot.
2 = Southwell plot together with w1ksi, w2ksi,
southFlag Flag for Southwell plot. w3ksi, and wOksi. none
3 =3D plot for wlksi, w2ksi, w3ksi, and wOksi
changes with respect to rotor speed and angle of
attack.
Assumed 0 if different.
Sglectlon of cantilever or Must be in single quotes and begin with ¢, C, A,
. hinged beam.
cantHing ‘h’ or ‘H’ = hinged or H. none
s s o Assumed ‘H” if different.
¢’ or ‘C’ = cantilever.

Root offset ratio of the

blade, e/L. 0 < eoffset <blength in. or
eoffset If eoffset > 1, then Must be scalar, numeric. ..

recomputed to be Assumed 0 if different. in/in

eoffset/blength.
Must be scalar, numeric, positive. .
blength Blade length. A default value is assigne% if different. n

Modulus of elast1c.1ty. Must be scalar, numeric, positive. .
melast (e.g., 1e7 for aluminum A default value is assiened if different psi

gned if different.

or 3¢7 for steel)

The mass per unit length at Must be scalar, numeric, positive. .
malL.en0 the root. b ¢ A default value is assignerc’l if different. Tom/in
minert0 Moment of inertia at the Must be scalar, numeric, positive. in?

root. A default value is assigned if different.

The mass per unit length at Must be scalar, numeric, positive, less than or
maLenT the tip. equal to maLen0. Ibm/in

Must follow ‘mtip’. Assumed to be equal to maLen0 if not specified.

. Moment of inertia at the tip. Must be scglar, numeric, positive, less than or »
minertT Must follow “Itip’ equal to minert0. in
) Assumed to be equal to minert0 if not specified.
. Must be scalar, numeric, positive, less than or
. Concentrated tip mass. % %
massTip Must follow M’ equal to 2 maLenO blgngth. Ibm
' Assumed 0 if not specified.
Must be numeric, vector (or scalar as the
rtrSpdRng | Rotational Speed Range. maximum value greater than zero). RPM
Otherwise, a default value is assigned.
Must be input as the last element of rtrSpdRng
. and less than the previous element. Assigned a
opRirSpd | Operating Rotor Speed. default value for I?he default rtrSpdRng. ¢ RPM
Otherwise, assumed max(rtSpdRng).
Must be numeric, vector (middle value is chosen
alfa Angle of attack of the blade. | as the representative value) or scalar (range is rad
Must follow ‘AoA’. from zero to 2*alfa).
Otherwise, assumed [] (empty).
Table 8.  Input Argument Descriptions for the YNTEMA Function.
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OUTPUT ARGUMENTS FOR YNTEMA

Name Description Units
wl 1* mode bending frequency results. 1¥ element is result for opRtrSpd. CPM
w2 2" mode bending frequency results.1™ element is result for opRtrSpd. CPM
w3 3" mode bending frequency results. 1* element is result for opRtrSpd. CPM
w0 0" mode bending frequency results. 1* element is result for opRtrSpd. CPM

rtrSpd | Rotational speed range. 1% element is opRtrSpd. RPM

a0, al, a2, | Nonrotating beam bending frequency coefficients for the zero, 1%, 2™,
a3 and 3rd modes. rone
KO’ K17 : st ~And
K2, K3 Southwell coefficients for the zero, 17, 2™, and 3rd modes. none
K00, K01, | Zero-offset Southwell coefficients for the zero, 1%, 2" and 3rd
K02, K03 | modes. none
Kh10,

Khil, Nondimensional Offset-correction factors for Southwell coefficients

Kh12, for the zero, 1%, 2™, and 3rd modes. none

Kh13

wiksi Bending frequer'{cy result for the first mode which incorporates angle CPM
of attack corrections.

w2ksi Bending frequency resylt for the second mode which incorporates CPM
angle of attack corrections

w3ksi Bending frequer'{cy result for the third mode which incorporates angle CPM
of attack corrections

woOksi Bending frequency result for the zero mode which incorporates angle CPM

of attack corrections
Table 9.  Output Argument Descriptions for the YNTEMA Function.

2. YNTMRYGH Function For Exact Bending Frequency Results

This function numerically calculates the bending frequencies of rotating beams
from the knowledge of the mode shapes of rotating or nonrotating beams. It uses
Equation(1) and numerically calculates the integrals. The method theoretically gives the
exact result, but the precision of numerical computation is, as always, directly

proportional to the size of input vector, ynR.
General statement for the function call is

[wn<,an<,Kn><,KOn,KIn>>] = YNTERYGH(ynR<, ninter' nlnt><,'L’,blength>
<,'mx',mR><,'EIx'EIR><,'eofs" eoffset><,'omega’,rtrSpdRng>)

or simply,

[wn,varargout] = ynterygh(ynR,varargin)
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The function returns one frequency output value for one mode shape input.
Therefore, you need to call the function for each frequency result. This form of the
function seems to be more convenient because there is only one input rather than multiple
inputs. VARARGIN may be any combination of <,'ninter',nInt><,'L' blength><,'mx',mR>
<,'EIx',EIR><eofs',eoffset><,'omega',rtrSpdRng> values. nlnt value must be after
‘ninter’ statement. Same procedure applies for all other optional inputs. VARARGOUT
may be <,an> or <,an,Kn> or <,an,KOn,K1n> or <an,Kn,KOn,K1n>. Description of the

input and output arguments are as follows:

e ynR is the mode shape to be used for calculating the bending frequency for

that mode.

e ninter is the reqiured number of linear intervals between zero and blade
length. The higher the n/nt, the more precise the result and the longer the
time elapsed. Default is 100.

e L is the blade length. Default is 1.

e mx is the mass per length distribution along the blade from the root to the

tip. Default is a constant value, 0.001 1bm/in.

e FElx is stiffness distribution along the blade from the root to the tip. Default

. .. 4
is a constant value, 1e7 psi-in".

e eofs is the root offset. Default is 0.

e omega is the rotational speed range. Default is [0:5:700] RPM.

e wn is the bending frequency result in cycles per minute (CPM).

e an is the nonrotating beam frequency coefficient.

e Kn is the Southwell coefficient.

e KOn is the zero-offset Southwell coefficient.

e Kln is the dimensional offset-correction factor for Southwell coefficient.
Table 10 gives the input argument forms that can be specified and their meanings.
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INPUT ARGUMENTS FOR YNTERYGH

Name

Forms and Assumptions

Form or

Limit

Row | Col.

Assumed As

ynR

1 1

Constant deflection. Derivatives will be zero.

1 >1

Polynomial coefficients for deflection. Derivatives will be computed from
this polynomial.

1

Constant deflection and 1st derivative. 2™ derivative will be zero.

Polynomial coefficients for deflection and 1% derivative. 2™ derivatives
will be computed from 1* derivative.

1

Constant deflection, 1% and 2™ derivatives.

2
2 >1
3
3

>1

Numeric

Polynomial coefficients for deflection, 1% and 2™ derivatives.

Real deflection values. Derivatives will be computed from the curve fitted
for real deflection values.

Real deflection and 1% derivative values. 2™ derivative will be computed
from the curve fitted for real 1* derivative values.

>3 | >=3

Real deflection, 1% and 2™ derivative values. Fourth and higher numbered
columns will be disregarded.

Only 1 cell

The value in the cell is read as a MATLAB® expression for deflection,
such as ‘sin(x)*x\2’. Derivatives are computed from this MATLAB®
expression. The expression in the cell must have a valid MATLAB® form
and use only one variable, such as x.

Two cells

The values in the cells are read as MATLAB® expressions for deflection
and 1% derivative. 2" derivative is computed from the expression for 1%
derivative. The expressions in the cells must have a valid MATLAB®
form and use only one variable, such as x.

Cell array of strings

3 or more
cells

The values in the first three cells are read as MATLAB® expressions for
deflection, 1° and 2™ derivatives. The expressions in the cells must have a
valid MATLAB® form and use only one variable, such as x. The fourth
and higher numbered cells are disregarded.

Any number
of rows and
columns

Characte
r array

The character values are merged line-by-line into a cell array of one cell.
This character is assumed as a MATLAB® expression for deflection.
Derivatives are computed from this expression. The expression in the cell
must have a valid MATLAB® form and use only one variable, such as x.

and

Elx

scalar

Constant mass or stiffness distribution.

>1

Polynomial coefficients for mass-per-length or stiffness distribution.

Numeric
ot

>1 1

Actual values for mass-per-length of stiffness distribution.

Char.
array

The character array assumed as a MATLAB® expression for mass-per-
length or stiffness distribution. The expression in the array must have a
valid MATLAB® form and use only one variable, such as x.

eofs

>=]1 & <L

Actual root offset value in inches.

<1 &<L

Root offset ratio. Will be multiplied with L to get actual root offset value.

N

Percentage value in single quotes and have %. Actual value will be
computed as eofs*L/100. Examples: ‘10%’, 5%, ‘19%’, ‘1%9’, or ‘%19’

omega

Numeric & >=0

May be scalar or vector.

L

Numeric & >0

Must be scalar.

ninter

Numeric & >0

Must be scalar.

Table 10.  Input Argument Forms for the YNTERYGH Function.
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3.

YNTEMOSHNR Function For Nonrotating Beam Mode Shapes

This function gives the mode shapes of nonrotating hinged/cantilever beams by

assuming the mode shapes of some characteristic nonrotating hinged or cantilever beams

with linear mass and stiffness distributions. It uses the tables III&IV in the Yntema report

to fit a 1st-degree curve between {zero & 0.5} or {0.5 & 1} for each given myp/mo and

El;;p/Ely. General statement for the function call is

[VINR,y2NR,y3NR<,xout>] = YNTEMOSHNR(flagPlot,cantHing,mtm0, EItEI0<,xvar>)

or simply,

[VINR,y2NR,y3NR,varargout] =YNTEMOSHNR (flagPlot,cantHing, mtm0, EItEI0,varargin)

Input and output arguments are:

plotFlag is 0 (zero) if no plot needed or 1 (one) if a plot is needed. Input 2

(two) or more if you want each mode shape on a different plot.
cantHing is 'H' if the beam is hinged or 'C' if cantilever.

mtm0 1S Mgp/Mroor. It can be a scalar for linear mass distribution or it can be
a vector which will be approximated by a line using the function

MAKELINE() for cutoff;,o=cutoffi;=0.

ETtEIO is Elgip/Elroor. It can be a scalar for linear stiftness distribution or it
can be a vector which will be approximated by a line using the function
MAKELINE() for cutoffio,=cutoffi;,=0. (You may want to see
MAKELINE() function beforehand in order to get a better approximation

for these values.)

xvar is the range of x-values corresponding to the mass and stiffness

distributions. Default is [0::1].

VINR, y2NR, y3NR are the mode shapes approximated from characteristic

nonrotating beams.

xout is the same as xvar.
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C. UTILITY FUNCTIONS

The functions below behave as the utility functions for the core functions of the

previous section. Their scripts are provided in Appendix C.

1. MAKELINE Function

This function returns the polynomial coefficients of a line approximated for an
input vector of any kind of values. It fits a curve of first order to a given vector of linear
or nonlinear values. Polynomial coefficients are returned in a vector in comply with

MATLAB® syntax and can be used with the polyval command of MATLAB® directly.
General statement for the function call is

[polyCoef] = MAKELINE(inVec,inX <,cutoffr<,cutofft>>)

or simply,

[polyCoef] = MAKELINE(inVec,inX ,varargin)

where the varargin is obvious.
Input and output arguments are described as below:

e inVec is a vector containing the values which are to be approximated by a

first-order polynomial.
e inXis the corresponding x-values for inVec from zero to blade tip.

e cutoffr is the distance from the root which will be excluded from the
approximation and it is optional. Default is zero. For example, you can
input a cutoffr value if you want to exclude the root offset section of the

beam from calculation because the distribution is irrelevant at that section.

e cutofft is the distance from the tip which will be excluded from the

approximation and it is optional. Default is zero.

e polyCoef'is a 1-by-2 vector which contains the polynomial coefficients for

the approximate line.
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2.

LINKMASS Function

This function rearranges the mass values in a vector to their corresponding places

in a longer vector. The middle values are assigned zero. The first and last values remain

as the first and last values. For example, if you have a mass vector of length of 11 and if

you want to rearrange it into a vector of length of 101, this function relocates the original

mass values as the Ist, 11th, 21st,...,101st elements of new vector. Other elements are

filled with zero. General statement for the function call is

or simply,

[massout <,xnew>] = LINKMASS(massinR <,xinR <,nint>>)

[massout ,varargout] = LINKMASS(massinR,varargin)

The input and output arguments are given below:

massinR is a vector containing mass values at any station along the beam.

xinR is a vector of actual/normalized x-values corresponding to each mass
value. You can opt not to input this argument if they are linearly spaced.
But you must input if they are nonlinear. Default is [0:1/(length(massinR)-
1):1]. You must input zero or zeros() for xinR if you want to input a nint

argument but x-values. Then xinR is defaulted and nint is accepted.

nint is the number of intervals of the output vector which contains
rearranged mass values. For the example above, nint would be 100.

Default is 100. The lengths of massinR and xinR vectors must be equal.

massout 1s the vector containing the rearranged mass values. If any two
new x-values are the same distance from the original x-value, the first new
x-value is used to relocate the mass value. For example, if the mass value
is originally at x=2 and the massout vector has no x-value at 2 but at 1.9
and 2.1, the mass is relocated to x=1.9, assuming 1.9 comes before 2.1 in

the xnew vector (type HELP MIN for more details).

xnew is a vector of corresponding x-values newly arranged.
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3. LINKSPOR Function

This function recalculates the values of the vector 'inVec' with the number of
linear intervals 'nlntr'. Use this function when you have » number of values but need
more than n number of values. Unlike the LINKMASS function which fills zeros
between two consecutive values, LINKSPOR function linearly fills the interval between
two consecutive values of 'inVec' with a number of values corresponding to 'nIntr'. For
example, if you have 11 wvalues (which correspond to a linear interval,
x=0:bLen/10:bLen) but need 101 values (nIntr=100), then you will get a vector of
length(outVec)=101 corresponding to an interval of x=0:bLen/100:bLen. The middle
values of 'outVec' will correspond to a line fitted between two consecutive 'inVec' values.
'inVec' values are assumed to be 'y' values corresponding to a linear interval of x-values
between 0 and 1. First value of 'inVec' corresponds to x=0, and its last value corresponds

to x=bLen in the computations. General statement of the function call is
[outVec <,outOrd <,outVecX>>] = LINKSPOR(inVec,nintr)
e blen is the length of the blade.

e nlntr is the desired number of intervals for the range of
x=[0:(bLen/nIntr):bLen]. It must not be less than length(inVec). It might
be equal to length(inVec), but then the function would return the same

values as of inVec. Use a higher nintr if you need a better precision.

e outVecX is the range of x values corresponding to outVec values. It is

optional.

e outOrd is the order of the polynomial which approximates the outVec
values as precise as possible. It incorporates the number of turn-directions

(CW-to-CCW or CCW-to-CW) changing along the curve.

e If only two output arguments are specified, only outOrd is output together

with outVec.
e If no output arguments are specified, only the values of outVec are output.

e The outVec and outVecX vectors are the same size as inVec.
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D. GRAPHICAL USER INTERFACE (GUI)

Graphical user interface, a function file called YNTEMAGUI.M, provides the
inputs to the YNTEMA function and returns the results on the same window. Its script is
provided in Appendix D. The bending frequencies of rotating or nonrotating beams are
displayed on the window together with their corresponding Southwell and nonrotating
beam bending frequency coefficients. The plot is also created on the same window. When

first run, the GUI window looks like Figure 65 below.

9 untded________
FNTENEG FUNCTION FOR
BLANE BENDING FREQUHENCIES

Plat Type [Ho Pl |
Beam Type I Cartilever | ¥
Beam Material IAIuminum VI

COMPULSORY INFUTS Southwell and Bending
Frequency Coefficients

Root Offset 0
{e [inlerL} ENG K

Blade Length 1
iL ik 2 7

mL & Root 0.00033
{m_0 [lbrmin]t 3

| @ Roat 119

{_0[n 4T . 2.5

OPTIONAL INPUTS

méL @ Tip
ot o] ™0
|@Tip

{_t [in™4]}
Concentrated
Tip Masgsz [lbm]

minertd

FPM Range [ [0:5:700]

Operating RPM 470

Bending Freguencies
o ﬂfBEraadd? for Opersting EFPH

Zero Aod: [CPH]

[rads=sec]
Cwncel OK
AoA: [CPH]

rad/sec
Ll AT £ 0 R gt [ ]

Figure 66. Graphical User Interface for YNTEMA Function at Opening.

The GUI uses the same type of input arguments as the YNTEMA function call. It
actually utilizes the same MATLAB® file but with a different name, YNTEMAG.M. The
only difference is that the YNTEMAG.M file does not have any diary statements. When
the window is first opened, the default values for all input are displayed and the GUI
maybe executed before entering any inputs but keeping the default values. There are
seven compulsory inputs and six optional inputs. Three inputs are pop-up menus and the
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rest of inputs are edit boxes. You select one of the provided alternatives for the pop-up
menus. You edit the value of the variable into the box provided for the edit boxes. One
thing is you have to overwrite all of the displayed default values in the edit boxes if you
want to change them at first time. Then you can change any of the inputs and keep the
others untouched. To edit the optional input boxes, you need to click on the radio button
first (ON) which decides whether or not to use the optional values. Clicking the radio
button again (OFF) will use the default values for that run and keep your values on hold.
Clicking it back ON will provide your inputs for execution. After entering the inputs,
clicking on OK push-button will start the execution. If the OK button stays pushed-down
for some time, it means the execution is in progress. If the OK button is up and no results

are returned, see the workspace windows whether a problem has taken place.

The inputs for the GUI are selected or typed in just like the way they are input for
the YNTEMA function.

e Plot Type: Select the type of plot you want to display. You can select not
to display any plots, select to display Southwell plot, Southwell plot with
angle of attack results, and 3D plot. 3D plot is created with the mesh
command and shows the change in bending frequency with both rotational
speed and angle of attack. Default is No Plot.

e Beam Type: Select the type of beam, cantilever or hinged. Default is
Cantilever.

e Beam Material: Select the type of material the beam is made of,
aluminum, composite, titanium, or steel. This selection will be used to
decide which modulus of elasticity value [in psi] to be used. Composite
has an approximate value of modulus of elasticity. Default is Aluminum.

® Root Offset: Enter the root (or hinge) offset value for the beam. Default is
Zero.

e m/L @ Root: Enter the mass per unit length at the root of the blade in
pounds per inch-square. Default is 0.00033 1bm/in.

e Blade Length: Enter the length of the blade in inches. Default is 200 in.
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I @ Root: Enter the moment of inertia at the root of the blade. Default is
1.19 in*.

m/L @ Tip: Enter the mass per unit length at the tip of the blade in pounds
per inch-square. Default is the value equal to m/L @ Root.

I @ Tip: Enter the moment of inertia at the tip of the blade. Default is the
value equal to / @ Root.

Concentrated Tip Mass: Enter the concentrated mass at the tip of the blade
in pounds-mass [Ibm]. Default is zero or empty.

RPM Range: Enter the range of rotational speed in revolutions per minute
[RPM]. Default is [0:5:700] (or, shortly, 700) RPM.

Operating RPM: Enter the operating RPM of the blade. This must be
lower than the maximum of RPM Range input.

AoA: Enter the angle of attack of the blade in radians. You need to provide
an AoA input if you have selected to plot Southwell AoA or 3D AoA.

Default is zero.

The outputs of the GUI are displayed on the same window as the inputs. All of the

original outputs of YNTEMA function, except the rotational speed range which is an

input also, are displayed in the static text boxes provided for bending frequency and

Southwell coefficients and bending frequency results. Figure 14 shows a sample page of

the GUI that has been executed. If you experience problems with running the GUI for the

first time, try entering all the inputs and try again.

Bending Frequencies for Operating RPM: These boxes display the
bending frequency results in cycles-per-minute (CPM) and radians-per-
second (rad/sec) corresponding to the operating rotor speed input. If the
bending frequency results are corrected for angle of attack inputs, these
frequencies are also displayed below the original frequency values, also in

CPM and rad/sec. K In values are results from the Yntema figures, i.e.,
K, . Note that the bending frequency result for the zero mode can be

returned as empty, zero, or equal to the operating rotor speed. If the beam

is cantilever, know that there is no zero-mode for cantilever beams.
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e Southwell and Bending Frequency Coefficients: These boxes provide you
with the values of all of the bending frequency and Southwell coefficients

for the beam.

o Figure: A figure is plotted with respect to your choice of plots. The input
values accepted as to call the YNTEMAG function are also displayed on

the plot for comparison to the values entered.

e OK: This push-button starts the execution of the program and returns the

results.

e CANCEL: This button is included to stop the execution of the program at

any time.
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Figure 67. A Sample Window of the GUI Execution.
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E. RUN DIARY FILES

Each time YNTEMA or YNTEMAGUI is executed, a diary file of that execution
is stored in a subfolder called yntemarundiary or yntemaguirundiary, respectively, in the
current working directory. If this diary folder does not exist, it is created before the
execution starts. If the current working directory is a medium that a subfolder can not be
created directly, then the diary is waived. You can comment the lines which contain the
diary statements if you need to get rid of keeping a diary file in case you encounter

problems.

The current date and time are assigned to the name of the diary file. A diary file
contains some input parameters, the warning messages displayed, and timing of each
execution. If two consecutive executions of YNTEMA or YNTEMAGUI functions take
less than a second, then the diary of second execution may be appended to the end of the

diary of first execution.

F. SAMPLE RUNS

This section provides some sample runs for the functions and GUI of the
software. Additional function calls have also been listed for more detailed understanding

of the input arguments.

1. Examples For Function Calls

a. Sample Run For YNTEMA Function

Let us assume we have a fictitious hinged beam with linear mass and
stiffness distributions. The beam has a length of 250 inches and a root offset of ten
percent (25 inches or 0.10). At the root, the mass per unit length is equal to 0.001 Ibm/in
and the stiffness is 2 in®. At the tip, the mass per unit length is 0.0005 Ibm/in and the
stiffness is / in*. The beam material is aluminum (1x10’=Ie7 psi). We may select to have
an angle of attack of 10 degrees (/0*pi/I180 or 0.175 rad). The concentrated tip mass is

assumed to be zero (If we selected a concentrated tip mass, the YNTEMA function would
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assume the beam as uniform, i.e., the mass and stiffness distributions are constant and
equal to the values at the root, disregarding any inputs for the mass and stiffness

distributions at the tip). The operating rotor speed is 3/2 RPM.

We need a Southwell plot with angle of attack corrections for a rotational
speed range between zero and 400 RPM. We also need the bending frequencies for all the
modes before and after the angle of attack corrections. We also want to see all the

Southwell and nonrotating beam bending frequency coefficients.
Then the input arguments will be:
o flagSouth: 2
. cantHing: ‘H’
. eoffset: 25 or 0.10
e  Dblength: 250
o melast: 1e7
. malLen0: 0.001
o minert(: 2
. maLenT: 0.0005
° minertT: 1
o massTip: 0 or [] or not specified at all.
o alfa: 0.175 or 10*pi/180

. [rtrSpdRng opRtrSpd]: [[0:10:400] 312]

And the corresponding function call in the workspace will be:

[w1,w2,w3,w0,coeffs,w1k,w2k,w3k,wOk]=yntema(2,"H’,25,250,1¢7,0.001,2,
*mtip’,0.0005, Ttip", 1,'A0oA’,0.175,[[0:10:400] 312]);

After the function is executed, the messages in the workspace are:
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[wl, w2, w3, WO, rtrSpdRng, coeffs, wlk, w2k, w3k, wok] =yntenma(2, ' H , 25, 250, 1e7, 0. 001, 2,
"ntip',0 "Itip',1,"AoA,0.175,[[0:10:400] 312]);
START OF YNTEMA() FILE
WARNI NG Hi nge offset input is greater than or equal to 1 (one). It is accepted
as (e), not (e/l).

Hi nge offset value is reconputed to be (e / blade_length = e/L) = 0.1
ATTENTI ON:  You did not specify any input argunent for the concentrated mass at
the tip.

Assunmed: Mt = 0.
Total Run Time is 1.062 sec.
Cantilever or Hnged ? = H
Bl ade Length = 250 in.
Root offset (e/L) = 0.
mt/mO0 = 0.5
El _t/EI_0 =0.5
MT/(mO*L) =r =0
Angl e of Attack = 0.175 rad.
Qperating Rotor Speed = 312 RPM
Ri gi d Bendi ng Frequency (at 312 RPM = 336. 0633 CPM
First Bending Frequency (at 312 RPM = 780.4917 CPM
Second Bendi ng Frequency (at 312 RPM = 1268.8926 CPM
Third Bendi ng Frequency (at 312 RPM) = 1773.7119 CPM
END OF YNTEMA() FILE

1

The Southwell plot will be plotted in a new figure window as in Figure 67
below. The angle-of-attack corrections (dashed bold lines) are demonstrated along with
the uncorrected results (solid lines with squares, diamonds, or circles). As can be seen the

difference is very small and can be neglected for low angle of attack values.
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Figure 68. Southwell Plot with Angle-of-attack for the Sample Run of YNTEMA.
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The bending frequencies and the coefficients will be loaded into the
workspace as demonstrated in Figure 68. The first values in the bending frequency
vectors will correspond to the operating rotor speed whereas the consecutive values will
correspond to the rotational speed range specified in the function call. The bending
frequencies corresponding to the operating rotor speed for the zero, 1%, 2™, and 3™ modes
can be read as wl(1), w2(1), w3(1), and wO(1) respectively. Likewise, the bending
frequencies after angle-of-attack corrections and corresponding to the operating rotor
speed for the zero, 1%, 2™, and 3™ modes can be read as wlk(1), w2k(1), w3k(1), and
wOk(1) respectively. The Southwell and nonrotating beam bending frequency coefficients
are given in coeffs variable which is a cell array of { a0, al, a2, a3, K0, K1, K2, K3, K00,
K01, K02, K03, Kh10, Kh11, Kh12, Kh13}. For example, coeffs{2} (=al) gives the value
of the nonrotating beam bending frequency coefficient for the first mode and coeffs{15}
(=Kh12) gives the value of the nondimensional offset-correction factor for the Southwell

coefficient for the second mode. Note that the Southwell coefficients in the fifth through

eighth elements, K,,, are computed from Ky, and IZln with the blade length and root offset

values specified, i.e., K, = Ky, + (e/L) * K,

n*

= B Stade [Base |
Name Size Bvtes | Class
-:u:ueffs 1xla 1600 | cell array
@rtrﬁpdl?ng lxds 53536 | double array
FH wo 1x4z 336 | double array
FHH ok 4zxl 336 | double array
w1 1x4z 336 | double array
FH w1k 47wl 336 | double array
B wz 1x4z 336 | double array
vk 4zx1 336 | double array
HH wa 1x4z 336 | double array
B vk azxl 336 | double array
Launch Pad Wiorkspace

Figure 69. The Workspace Variables for the Sample Run of YNTEMA.
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rtrSpdRng is the rotational rotor speed range identical to its corresponding

input argument.

Some other valid function calls that may be experienced are listed below.
Note that the first seven input arguments are mandatory and must be in the predetermined
order. The eighth and subsequent input arguments are optional and can be in any order.
Optional inputs are in couples, that is, a value follows its character expression (‘mtip’,
‘Itip’, ‘Mt’, ‘AoA’), except for the rotational speed range input which can be input as
only a vector.
e yntema(1,'H',20.4,158.4,1¢7,0.00033644,1.19);
e yntema(2,'C',20.4,158.4,1¢7,0.00057000,1.5,"Mt’,0.06);
e yntema(l,'H',0.063,38.5*%12,1¢7,1,135,[0:5:600]);
e yntema(1,'H',0.11,15%12,1¢7,0.00256,1,[[0:5:600] 432.9]);
e [wll w21l w31 w0l omegal |=yntema(0,'H',0.10,200,3¢7,0.003,1.3);
o [wl3,w23,w33,w03,omega3]=yntema(1,'C',20.4,158.4,1¢7,0.00033644,1.
19,'mtip',0.00033);
e yntema(1,'C',20.4,158.4,1¢7,0.00033644,1.19,'Ttip',1);
e yntema(1,'C',20.4,158.4,1¢7,0.00033644,1.19,'Mt',0.00033);
e yntema(1,'H',0,250,0.3¢7,0.00005,1.19,'mtip',0,'Itip',0,'Mt',0);
e yntema(1,'H',0,250,0.3¢7,0.00005,1.19,'mtip',0,'Itip',1.19,'Mt',0);
e yntema(1,'H',0,250,0.3¢7,0.00005,1.19,'mtip',0,'Itip',1.19,'Mt',0.01);
e yntema(0,'C',0.5,121,1¢7,0.0008,1.5,'mtip',0.0003,'tip',0.2,'Mt',0.066,[[0:1
0:1000] 7001);
e [wll0,w210,w310,w010,0megalO]=yntema(1,'H',14,500,1¢6,0.0001,1,'mt
ip',0.0001,"Ttip',0.5,'Mt',0.01);
o [wll0a,w210a,w310a,w010a,omegalOal=yntema(2,'H',14,500,1¢6,0.0001
,1,'mtip',0.0001,'Ttip',0.5,'Mt',0.01,'AoA",0.75);
e [wl10b,w210b,w310b,w010b,omegalOb,coef,wlk,w2k,w3k,wOk]=yntem
a(3,'H',14,500,1¢6,0.0001,1,'mtip',0.0001,'Ttip',0.5,'A0A",0.75);
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b. Sample Run For YNTEMOSHNR Function

Let us assume we have a hinged beam with linear mass and stiffness
distributions. The mass ratio, mgp/Myoe, 1S 0.4 and the stiffness ratio, Eliip/Elroor, 15 0.7.
Since the distributions are linear, we do not need to input any abscissa values, xvar. And

we want to see a plot for the nonrotating beam mode shape results. The function call is:
[yINR,y2NR,y3NR ]=yntemoshnr(1,'H',0.4,0.7);

VINR, y2NR, and y3NR are returned as the workspace variables
corresponding to the stations determined by the default value of xvar which is [0:0.01:1].

Figure 69 gives the mode shape results.

NONROTATING BEAM FIRST THREE BENDING MODE SHAPES

127 ——— - e e e
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Figure 70. Mode Shape Results for the Sample Run of YNTEMOSHNR.

Some other valid function calls for YNTEMOSHNR() are listed below:
. [v1,y2,y3,xout] = yntemoshnr(0,”H”,0.2,0.8,[0:0.1:1]);
. [y1l,y2,y3] = yntemoshnr(2,”C’,1,0.8,[0:0.05:1]);
. [y1] = yntemoshnr(1,’H’,0.2,0.8);
. [v1l,y2] = yntemoshnr(3,’C’,0.2,0.8);
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. [yINR,y2NR,y3NR xout]=yntemoshnr(3,'H',[0.001.*[ 1:-
0.6/20:0.4]], [1.19¢7.*[1:-0.3/20:0.7]]);

. [yINR,y2NR,y3NR xout]=yntemoshnr(1,'H',[0.001.*[1:-
0.3/10:0.7]], [2€7.*[1:-0.5/10:0.5]],[0:0.1:1]);

c Sample Run For YNTERYGH Function

Let us assume we have the mode shape of a particular fictitious beam. The
normalized deflection values of the mode shape are given in a matrix of one column. The
blade has a length of 200 inches. The mass per unit length distribution is given by a row
vector which corresponds to the polynomial coefficients of the distribution curve. The
stiffness distribution is given by a character expression which determines the distribution
curve. The blade has a hinge offset of eight percent. And the rotational speed range is
between zero and 600 RPM. Hence the input arguments are:

e yINR=1[0.0000 -0.2248 -0.4169 -0.5455 -0.5856 -0.5226 -0.3545

-0.0929 0.2392 0.6125 1.0000]

e massRatio = [-0.0003 0.001]
o stiffnessRatio = [-1¢7 2¢7]

o rotorSpeed =[0:10:600]

o rootOffset ="'8%'

Then the function call will be:

[wl,al,LK1,K01,K11] = YNTERYGH(yINR.ninter',100,'L',200,'mx',massRatio,

'EIX',stiffnessRatio,'eofs',rootOffset,'omega’,rotorSpeed);

The messages displayed on the monitor are:

YNTERYGH() | NPUT VALUES:
Bl ade Length = 200

Mass Distribution Polynom al = -5534023222112881/18446744073709551616*x+1/ 1000
Stiffness Distribution Polynom al = -10000000*x+1342177280000001/ 67108864

Root offset (e) = 16

Rotor speed range = [ 0 ... 600 ]

Nunmber of intervals = 100

Xx-range = [ 0 : 2 : 200 ]

ATTENTI ON: There are nore than three rows for the yn-input argunent.
Val ues have been assuned to be defl ections!

ATTENTI ON: There is only one colum...

Derivatives will be conputed from deflection val ues:
yn' is conputed fromyn.
yn'' is conputed fromyn'.
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The output arguments are returned as workspace variables: a;,=17.49;
Ky;=8.39; K;,=0.052 (=> I?” =0.052*200=10.4); and, K;=9.23. The bending frequency

results are given in Figure 70.
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Figure 71.  Frequency Results for the Sample Run of YNTERYGH.

For more information on the input arguments of YNTERYGH, please

refer to the YNTERYGH section in Appendix A.

d. Sample Run For MAKELINE Utility Function

Let us assume we have a nonlinear distribution along the blade and we
need this distribution to be linear. The distribution has very large values for the first ten
percent and the last five percent of the blade length from root to tip and these values need
to be disregarded for a reasonable linearization. The blade length is 200 inches. The

inputs may be summarized as follows:
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e y Nonlinear = [5.0000 1.0000 0.7071 0.5774 0.5000 0.4472
0.4082 03780 0.3536 0.3333 2.0000]

e x Corresponding=[0 20 40 60 80 100 120 140 160 180 200]
e cutoffr =200 * 10% = 20 inches

e cutofft =200 * 5% = 10 inches

Then the function call will be as follows:

[v_LinCoef] = makeline(y_Nonlinear,x Corresponding,20,10);

The y LinCoef variable returned in the workspace gives the polynomial
coefficients of the line as [-0.0025  0.7342]. Figure 71 demonstrates the results. The
results for the function call without the cut-out values of 20 and 10, are also included for

comparison.

A Linearization of a Nonlinear Distribution along the Blade by MAKELINE()

T T
—— Nonlinear Distribution
'''''' Linearized Distribution
Linearized Distribution without Cut-outs |

I
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i
i

=
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Figure 72.  Sample Linearization of a Nonlinear Distribution by MAKELINE Function.
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e. Sample Run For LINKMASS Utility Function

Let us assume we have a mass distribution along the blade that has six
mass values corresponding to six blade stations. This mass distribution therefore will
have six elements in its vector form. But we need a vector of 26 elements for our
purposes and we need to place these six values inside this vector of 26 elements. The

other elements will be assigned zero. So the inputs arguments will be:

e massin=[0.0020 0.0010 0.0005 0.0005 0.0005 0.0010]
e xin=[0 0.2000 0.3000 0.5000 0.7000 1.0000]

e Number of intervals: 25

The function call will be:

[massout,xnew] = linkmass(massin,xin,25)

And the returned variables will have the values:
massout = [0.0020 0 0 0 0 0.0010 0 0.0005 0
0 0 0 0.0005 0 0 0 0 0.0005
0 0 0 0 0 0 0 0.0010]
xnew = [0 0.0400 0.0800 0.1200 0.1600 0.2000 0.2400 0.2800
0.3200 0.3600 0.4000 0.4400 0.4800 0.5200 0.5600 0.6000
0.6400 0.6800 0.7200 0.7600 0.8000 0.8400  0.8800
0.9200 0.9600  1.0000]

JA Sample Run For LINKSPOR Utility Function

Let us assume we have a distribution along the blade that has 11 elements
in its vector for uniformly-spaced blade stations. But we need to have a distribution
vector of 2/ elements and the values between two consecutive points must be
interpolated. The blade has a length of 200 inches. The input arguments will be as

follows:
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e y=1[50000 1.0000 0.7071 0.5774 0.5000 0.4472 0.4082
0.3780 0.3536 0.3333 2.0000]
e Blade Length: 200

e Number of intervals: 20

The function call will be:
[outVec,outOrd,outVecX] = linkspor(y,200,20)

And the output variables will have the values:
e outVec =[5.0000 3.0000 1.0000 0.8536 0.7071 0.6422 0.5774
0.5387 0.5000 0.4736 0.4472 0.4277 0.4082 0.3931 0.3780
0.3658 0.3536 0.3434 0.3333 1.1667 2.0000
e outOrd=3
e outVecX=[0 10 20 30 40 50 60 70 80 90 100 110
120 130 140 150 160 170 180 190 200]

The outOrd variable gives the order of the polynomial that the distribution
curve can be approximated by. For example, if outOrd is 4, this means that you can fit a

curve of 4™ degree to the distribution.

2. Sample Runs For GUI

Figures 73 through 83 show several consecutive executions of the GUI. Each
figure has the input arguments and the corresponding outputs that have been returned
after hitting the OK button. Note that everytime the optional inputs button is unchecked
the beam is assumed to be uniform, and checking the optional inputs button again will
use the last inputs. That is, everytime you change an input value, it is saved into the
memory permanently. When you uncheck the optional inputs button, temporary values
are assigned for the optional inputs. And when you check the optional inputs button

again, the permanent values in the memory assigned to the optional inputs again.
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Figure 73. Sample Run 1 for GUI
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Figure 79. Sample Run 7 for GUI

< Untitled

FNTENS FUNCTION FOZ
EIJEE EE”EIIVG FFE{FHEKCIES Blade Bending Frequenc?eiLJ(Ith'\h’VzEel;lu_ Z#f:uﬂlziﬂ) %.5. Rotational Speed

S000

Plot Type [Southwel ot =]
Beam Type |Hinged 'I
Beam Material | Aluminum >

COMPULSORY IHFUTS

Rigid Body Flapping Mode
1st Flap Mode

2nd Flap Mode

3rd Flap Mode

Operating Rotor Speed
Rigid Body Flapping Mode at Aol
1st Flap Mode at AoA

2nd Flap Mode at AoA

3rd Flap Mode at AoA

4500

4000

Southwell and Bending
Frequency Cosfficients 3500
Root Offset 1]

{e [in]:=/LY EN 0

Blade Length 200

{L {in]t 27

m/L & Root 000033
{m_0 [bm/in]}

| & Root
{0 [.n“?tc]'} 112

g 1
e 3000

154398 4 7 B37
2500

2.7 4997EB 4 7 17.E392

2000 |14

ML) 3¢ =10
1500 -OperaﬁngﬁePM 478
Aol o=0rad

2.7 1043818 4 7 350806

(g OPTIONAL INFUTS

mL @ Tip
{r_t [Ibrnsin]t

Blade Bending Frequency, [CPM]

0.00011 & 1 1.4336 1000

6.37 i 91774

| @ Tip

{I_t [in~ar
Concentrated
Tip Mass [Ibm]

17.6392 s 2822

521537 300 400
Rotor Speed, [RPR)]

35.0806

RPM Rangs [ [0:10:500]

Dperating FiPM 354

Bending Fregquencies
el 7 for Operating RPYM

Zero Ach: [CPH]
[Tad sec]

w_3 w_0
272E.E37E 470

205.5328 49,2182

w_1
11679921
1223118

w_?
1923.7421
2031292

Cr OK

> LA A S8 A S gl

1167.9921
1223118

1939.7421
20231293

27266375 470
2855328 49.2183

AoA: [CPH]
[rad/sec]

Figure 80. Sample Run 8 for GUI
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Figure 81. Sample Run 9 for GUI
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Figure 82.  Sample Run 10 for GUI
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FNTENEG FONCTION FORF
BLANE BENDING FREEQUENCIES SOUTHWELL PLOT

Blade Matural Frequencies 3 Rofational Speed
5000 T
Pll Type [Soutwel =] — Rigid Body Flapping Mode
L]~ 1st Flap Mode
Bean Type[Hinged (7] | o 2n Flon e
—&~ Jrd Flap Mode
4000 Operating Rotor Speed

Beam Material | Aluminum *

3500 | Cartiever or Hinged 2 = 1

Blade Length = 200

COMPULSORY INFUTS Southwell and Bending
Frequency Cosfficients
Fioot Offset
{e [in]:a/L} 27 0 g
Blade Length
L [in]t 27 154338 4y B3I

/L@ Foot
(nTU[EmJﬁﬁ} 2.2 49978 4 176392

3000
Mm =0
2500 Frysbating RPN = 470

Raot 2000

ﬂ'ﬁiﬂl} a7 1043818 4 7 50806

1500

=
[l
e
=
&
=
o
5
=
z
[
=
=
=
=
T
m
@
=
o
m

OPTIONAL INPUTS

miL @ Tip . 1 & ¢ 1.49%

{r_t [Ibrmdin]t 1000

BT a g 9174

| @ Tip
{_t[in™4]
Concentrated < 176392 & 27 260122
Tip Mass [lbm] E i

‘a7 3B0B0 4 g7 B21597 300 400
il e - Rotor Speed, [RPM]

Operating RPM

Bending Freguencies
ot ﬂfBEraadd? for Operating EFH w_1 w_2 w_3 w_0

Zero Aok: [CPH] 1167.9321 1938.7421 27266375 470
[rad/sec] 1223118 2031293 205 5328 48,2183

Ch OK
Aoh. [cpM] 11E7E 19337421 2726.6375 470
as
T [radssec] 1223118 2031293 2855328 132183

Figure 83. Sample Run 11 for GUI
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APPENDIX B. MATLAB® CODES FOR CURVE-FITTING AND
DEFAULT FILES

A. MATLAB® CODE FOR YNTEDFLT.M

% YNTEDFLT.M : This file gives sone default values for calculations in the Yntema
met hod.

% This file is run in a cleared workspace and the workspace is then saved as
yntedflt. mat.

% ! LT>H>E>AKI N<TURKI SHARMY<NPS<NAVY<MONTEREY<CA<SEP@ ) @

% DEFAULT VALUES: (are from OH 6 helicopter data)

el asAl DF = 1e7; Y%psi, nodulus of elasticity for alum num default

mnertODF = 1.19; % n”4, nonment of inertia at root, default

maLenODF = 0.0003364; % bniin, blade nass per length at root

bLenDF = 158.4; %n, blade length fromroot offset to the tip.

rtrSpdRngDF = [0:10:700]; 9%PM (71x1), rotor speed

opRtr SpdDF = 470; 9%*PM operating rotor speed

B. MATLAB® CODE FOR YNTECOEF.M WITH PLOT STATEMENTS

% YNTECCEF. M This file fits a curve for each of the input values fromthe Yntena report
curves.

% The fourth-degree polynom al coefficients are intended for use in the '"yntema.m file.

% ! LT>H>E>AKI N<TURKI SHARMY<NPS<NAVY<MONTEREY<CA<SEP@ ) @

% {Run this file in a cleared workspace and then save the workspace as 'yntecoef.mat'
which is to be referred by 'yntena. m}

%

% Vari abl es beginning with 'nf' are the values read with a 1/120-i nch-rul er

% Vari abl es beginning with 'xnf' are the nultipliers to convert 'nf' values into real
read val ues

% Vari abl es beginning with 'snf' are the offset values to add to real read values so as
to get the final read val ues

% (Sinply: Read a point on the graph with a 1/120-inch-ruler, (nf)

% Then multiply it with an appropriate coefficient, (xnf)

% And add the offset value on the chart (snf): There you have the read val ues
for the curve.

% Si npl e when doing, just hard for ME to explain.)

% Variabl es beginning with 'a" and 'K are the coefficients of the polynom al of the
fitted curve.

% Range of (mt/mO0) or (r = Mt/ mbeam ratios:
r0151 = [0.0:1/50:1.0]."; 9%51x1)
r0126 = [0.0:1/25:1.0]."; % 26x1)
r0251 = [0.0:2/50:2.0]."; % 51x1)
r0226 = [0.0:2/25:2.0]."; 9% 26x1)

% HI NGED BEAMS W TH LI NEAR MASS AND STI FFNESS DI STRI BUTI ONS:

% Fi gure-11
nfl1l_al EOO0 = [ 11.75 11.10 10.40 9.85 9.25 8.75 8.25 7.80 7.40
7.00 S
6.25 5.95 5. 65 5.35 5.00 4.85 4.60 4.35
4.15

"3.70  3.55 3.40 3.25 3.15  3.00 2.85 2.70

[
6
3
2 ..
2.40 2.30 2.20 2.10 2.00 1.95 1.85 1.75
1. 65 1 ..
1.50 1.40 1.35 1.25 1.20 1.10 1.05 1.00
0.95 0
nfll al _EO5 = [ 15.40 14. 65 13. 95 13. 35 12. 80 12. 20 11. 65 11. 20 10. 70
10. 30 9 -
9.50 9.15 8. 80 8.50 8.15 7.90 7.65 7.45
7.20 6 ..
6.75 6.55 6. 40 6. 15 5.95 5.85 5. 65 5.55
5
4
3

"'5.10 5.00 4.90 4.80 4.65 4.55  4.40  4.30

"4.05 3.95 3.90 3.80 3.75 3.65  3.55  3.45
.25 1.,
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nfll al E10 = [ 18.10 17.30 16.60 15.90 15.40 14.75 14.20 13.70 13.25
12.80 12.40 ...
11.95 11.55 11.25 10.90 10.60 10.30 10.10 9.75
9.60  9.40 .
9.15 8.90 8.70 8.50 830 8.15 8.00  7.80
7.65  7.50 ..
7.40 7.25 7.15 7.00 6.90 6.80 6.65  6.55
6.45  6.35 .
6.20 6.10 6.00 590 580 570 565 555
5.50 5.35].';
nf1l a2 E00 = [ 15.70 14.60 13.60 12.85 12.05 11.40 10.80 10.20 9.60
9715 8.70 ...
8.20 7.75 7.45 7.00 6.70 6.40 6.15 5.85
5.55  5.35 .
5,06 4.80 4.60 4.45 4.25 4.00 3.85  3.65
3.40 3.25 .
3.05 2.8 2.70 2.60 2.45 2.25 2.10 1.95
1.85  1.70 ..
1.55 1.45 1.35 1.20 1.10 1.00 0.85  0.70
0.65 0.55].';

nfll_a2_EO5 = [ 22.70 21.55 20. 50 19.70 18. 90 18. 10 17. 40 16. 75 16. 20
15. 60 15.10 ..
14.55 14. 15 13. 85 13.35 13. 00 12. 65 12.35 12.10
11.80 11.50 ..
11. 15 10. 95 10. 80 10. 55 10. 30 10. 15 9.95 9. 80

9.60  9.40 .
9.20 9.05 8.8 8.70 850 835 820 805
7.90 7.75 .
7.60 7.45 7.35 7.15 7.00 6.90 6.80  6.65
6.55  6.40 ].';

nfll a2 E10 = [ 27.70 26.40 25.30 24.25 23.40 22.60 21.80 21.10  20.40
19.85 19.30 ...
18.70 18.25 17.85 17.40 17.10 16.75 16.40 16.05
15.80 15.50 ...
15.20 14.95 14.70 14.50 14.25 14.05 13.80 13.60
13.35 13.20 ...
13.00 12.80 12.60 12.40 12.20 12.05 11.85 11.65
11.50 11.35 ...
11.20 11.05 10.90 10.70 10.55 10.40 10.25 10.15
10. 00
nf11_a3_E00 =
9.05

.90 ]."
14.85 13.95 13.20 12.40 11.80 11.15 10.55 10.00 9.50
.60 .

"'8.20 7.80 7. 40 7.05 6. 80 6. 45 6. 15 5. 90

9
[
8
5. 65 5. 40 ..
5.15 4.95 4.65 4.50 4.35 4.15 4.00 3.80
3.65 3.50 .

3.30 3.20 3. 10 2.95 2.80 2.65 2.55 2. 40
2.25 2.15 .
2.05 1.95 1.85 1.80 1.65 1. 60 1. 45 1.35

1.25 1.20 ].";
nf1l a3 _E05 = [ 23.15 21.90 21.00 20.10 19.20 18.50 17.80 17.25 16.65
16.10 15.60 .
15.20 14.75 14.40 14.00 13.70 13.35 13.00 12.75
12.45 12.20 .
11.95 11.75 11.50 11.30 11.10 10.90 10.70  10.50
10.35  10.20 ..
10.00 9.80 9. 60 9.45 9.35 9.20 9.05 8. 90
8. 80 8. 65 .
8. 45 8. 30 8. 20 8. 10 8. 00 7.90 7.75 7.60
7.50 7.40 1.
nf1l_a3_F10 = [ 28.30 27.00 26.00 25.00 24.20 23.45 22.75 22.05 21.50
20.90 20.35

19.90 19.40 19.00 18.60 18.25 17.85 17.50 17.15
16.85  16. 60 .

16.35 16.10 15.80 15.55 15.35 15.10 14.85 14.60
14.40  14.25 .

14.05 13.85 13.60 13.45 13.30 13.15 13.00 12.75
12.55  12.40 .

12.20 12.05 11.95 11.80 11.60 11.50 11.35 11.20
11.05 10.90 ].';

aOHLMS =
0. 0; %0ut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put O
ut put Qut put Qut put CQut put Cut put

xnfll al = 20 ./ [19.85:-0.05/50:19.80]."'; 9% 51x1)

snfll _al = 10;

vill al EO0 = nf11 _al EOO .* xnfll al + snfll al; 9%51x1)
vfll_al EO05 = nf1l_al EO5 .* xnfll_al + snfll_al; 9% 51x1)
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vfll_al E10 = nf1l1_al E10 .* xnfll_al + snfll_al; 9%51x1)
alOOHLMS = pol yfit(r0151,vf11l al_EOO, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
alO5HLMS = pol yfit(r0151, vf11l_al_EQO5, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
allOHLMS = pol yfit(r0151,vf1l al E10, 8);

%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

xnfll a2 = 60 ./ [29.85:-0.10/50:29.75]."'; 9%51x1)
snfll a2 = 30;
vfll a2 _EOO = nfl1ll_a2_EOO .* xnfll_ a2 + snfll_a2; % 51x1)
vill a2 E05 = nfl1l a2 EO5 .* xnfll a2 + snfll a2; 9% 51x1)
vfll _a2_E10 = nfl1l_a2_ E10 .* xnfll_a2 + snfll_a2; % 51x1)
a200HLMS = pol yfit(r0151,vf11l _a2_EOO, 8);
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a205HLMS = pol yfit(r0151, vf11l_a2_EQO5, 8);
%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put
a210HLMS = pol yfit(r0151,vf1l a2 E10, 8);
%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

xnfl1ll a3 = 120 ./ [29.80:-0.30/50:29.50]."; 9%51x1)
snfll a3 = 60;
vfll _a3_EOO0 = nf1ll_a3_EOO .* xnfll_ a3 + snfll_a3; % 51x1)
vfll a3 E05 = nfl1l a3 _EO05 .* xnfll a3 + snfll a3; % 51x1)
vfll _a3_E10 = nf1l_a3_E10 .* xnfll_a3 + snfll_a3; % 51x1)
a300HLMS = pol yfit(r0151, vf11l a3_EOO, 8);
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a305HLMS = pol yfit(r0151, vf11l_a3_EQO5, 8);
%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a310HLMS = pol yfit(r0151,vf1l a3 _E10, 8);
%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

figure;

subpl ot (3,1, 3);

pl ot (r 0151, pol yval (al00HLMS, r0151),"'-."); hold on;
pl ot (r 0151, pol yval (al0O5HLMS, r0151), "' --");

pl ot (r 0151, pol yval (al10HLMS, r 0151),"'-");

text (0.5, 28,' 1st node');

ylabel (*a_1'); xlabel ("mt/mO0'); grid mnor;
subpl ot (3,1, 2);

pl ot (r 0151, pol yval (a200HLMS, r0151),'-."); hold on;
pl ot (r 0151, pol yval (a205HLMS, r 0151), ' --");

pl ot (r0151, pol yval (a210HLMS, r 0151), "' -");

text (0.5, 85,'2nd node');

ylabel (*a_2"); grid mnor;

subplot(3,1,1);

pl ot (r 0151, pol yval (a300HLMS, r0151),"'-."); hold on;
pl ot (r 0151, pol yval (a305HLMS, r0151), ' --");

pl ot (r 0151, pol yval (a310HLMS, r 0151),"'-");
text(0.5,170,"'3rd node' );title(' Figure-11");
ylabel (*a_3"); grid mnor;

| egend(' EI _t/ElI _0=0","El _t/El _0=.5","El _t/El _0=1");
hol d off;

clear nf1l a* xnfl1ll_a* snfll_a* vfll a*

% Fi gure-12

nf12_KO1_EOO0O = [ 2.40 2.85 3.30 3.80 4.30 4.80 5.30 5. 80
6. 65 7.10 L.
7.60 8.00 8. 45 8.95 9.35 9.75 10. 15

11.00 11.40 ..
11.85 12.20 12.60 13.05 13.45 13.90 14.20

15.05 15.40 ..
15.75 16.15 16.50 16.80 17.15 17.55 17.90

18.55 18.85 ..

19.15 19.40 19.70 19.95 20.20 20.45 20.65
21.10 21.301].°';
nf12_KO1_EO5 = [ 3.30 3.75 4.20 4.70 5.20 5.70 6. 20 6.75

7.70 8.15 L

8.70 9.15 9. 60 10.10 10.50 10.95 11.40
12.30 12.80 ..

13.20 13.65 14.10 14.50 14.95 15.40 15.80
16.65 17.00 ..

17.40 17.80 18.20 18.55 18.95 19.30 19.60
20.35 20.65 ..

21.00 21.30 21.60 21.90 22.20 22.45 22.75
23.20 23.401].°';
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nf12_KO1_E10 = [ 4.15 4.65 5.15 5. 65 6. 15 6. 65 7.15 7.65  8.10
8.65  9.10 .
9. 60 10.00 10.50 11.00 11.40 11.85 12.30 12.80

13.25 13.70 .
14.15 14.60 15.05 15.45 15.90 16.35 16.70 17.15

17.60  18.00 .
18.40 18.75 19.20 19.55 19.95 20.30 20.65 21.05

21.40 21.70 ..
22.10 22.40 22.75 23.00 23.30 23.60 23.90 24.10

24.35 24.55].°;
nf12_K02_EO0 = [ 4.45 4.85 5.25  5.65 6. 05 6. 45 6. 90 7.30 7.60

8.00  8.40 .
8. 80 9.15 9.50 9. 90 10.30 10.65 11.00 11.45

11.85 12.15 ..
12.50 12.80 13.10 13.45 13.85 14.10 14.35 14.65

14.95  15.20 .
15.45 15.70 16.00 16.30 16.55 16.75 17.00 17.20

17.45 17.70 ...

17.90 18.05 18.25 18.45 18.65 18.80 18.95  19.10
19.20 19.30 ].';
nf12_K02_E05 = [ 6.50 6.85 7.30 7.70 8.15  8.60 9.05 9.50 9.85

10.25 10.70 ...
11.15 11.55 11.90 12.30 12.70 13.10 13.55 13.90

14.30  14.65 .
15.05 15.40 15.75 16.15 16.50 16.85 17.15 17.50

17.80  18.10 ..
18.45 18.80 19.10 19.40 19.70 20.00 20.25 20.50

20.75 21.05 .
21.30 21.50 21.70 21.95 22.20 22.45 22.60 22.80

23.00 23.15].';
nf12_K02_E10 = [ 7.50 7.90 8.35  8.80 9.25 9.70 10.20 10.70 11.10

11.50 11.95 ...
12.35 12.80 13.20 13.65 14.05 14.50 14.90 15.25

15.70  16.05 .
16.45 16.80 17.20 17.55 18.00 18.35 18.70 19.05

19.40  19.70 .
20.10 20.45 20.80 21.10 21.40 21.70 22.00 22.30

22.60 22.90 .
23.20 23.40 23.65 23.90 24.15 24.35 24.50 24.70

24.90 25.00 ].';
nf12_KO3 EOO0 = [ 2.60 2.95 3.30 3.865 4.00 4.40 4.70 5.05  5.35

5.70  6.05 .
6. 35 6. 70 7.00 7.30 7.60 7.95 8.25  8.55

8.90  9.15 ..
9.45 9.75 10.00 10.25 10.55 10.70 11.00 11.20

11.45 11.65 .
11.90 12.10 12.30 12.50 12.70 12.85 13.05 13.20

13.35 13.50 .

13.70 13.85 13.95 14.05 14.15 14.25 14.40 14.50
14.55 14.70 ].';
nf12_ KO3 E05 = [ 4.40 4.75 5.15 5.55 5.95 6. 35 6. 70 7.05 7.45

7.80  8.15 .
8.55  8.90 9. 20 9. 60 9.95 10.30 10.65 11.00

11.30 11.65 .
12.00 12.35 12.65 12.95 13.30 13.65 13.95 14.25

14.55  14.85 ..
15.10 15.35 15.60 15.85 16.15 16.35 16.60 16.85

17.00 17.20 .
17.45 17.65 17.80 18.00 18.20 18.35 18.50 18.60

18.75 18.95].';
nf12_KO03 _E10 = [ 5.50 5.85 6. 25 6. 70 7.05 7.50 7.85 8.30 8.70

9.05  9.45 :
9.85 10.25 10.60 10.95 11.30 11.70 12.05 12.40

12.80  13.10 .
13.45 13.85 14.15 14.45 14.80 15.10 15.40 15.65

16.00  16.30 .
16.65 16.90 17.15 17.40 17.65 17.90 18.10 18.35

18.60 18.85 )
19.05 19.30 19.45 19.60 19.85 20.05 20.25 20.35

20.50 20.70 ].';

KOOHLMS =
1. 0; %Qut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put O
ut put Qut put Qut put CQut put Cut put

xnf12_KO1 =
snf12 K01 =

vf12_K01_EO0 = nf12_KO1_EO0 .* xnf12_ KOl + snf12_KO1, 9% 51x1)
vf12_KO1_EO5 = nf12_KO1_EO5 .* xnf12 KOl + snf12_KO1, 9% 51x1)
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vf12_KO1_E10 = nf12_KO1_E10 .* xnfl12_KOl1 + snf12_KO1l; % 51x1)
KO100HLMS = pol yfit(r0151, vf 12_K01_EOO, 8) ;

%Qut put Qut put Qut put OJt put Qut put OJt put Qut put Qut put Qut put Qut put Qut put Cut put
KO105HLMs = pol yfit(r0151, vf12_KO1_EO5, 8);

%0ut put Qut put Cut put aut put Qut put it put Qut put Qut put Qut put Qut put Qut put Cut put
KO110HLMs = pol yfit(r0151, vf12_K01_E10, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

xnf12_KO2 = 10 ./ [26.10:-0.15/50: 25.95]."; % 51x1)

snf12_K02 =
vf12_K02_EO0 nf12_KO02_EO00 .* xnfl12_K02 + snfl12_K02; 9% 51x1)
vf12_K02_E05 nf 12_KO2_EO5 .* xnf12_K02 + snf12_K02; 9% 51x1)
vf12_K02_E10 mf 12 KO2_E10 .* xnf12 K02 + snf12_K02; 9% 51x1)
KO200HLMS = pol yfit(r0151, vf12_K02_EOQO, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO205HLMS = pol yfit(r0151, vf12_K02_EQOS5, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO0210HLMs = pol yfit(r0151, vf12_K02_E10, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

[ee]

xnf12_KO03 = 25 ./ [25.85:-0.10/50:25.75]."; 9%51x1)
snf 12 K03 = 15;
vf12_KO3_EOO0 = nf12_KO3_EOO .* xnf12_KO03 + snf12_KO03; % 51x1)
vf12_KO03_EO05 = nf12_KO03_EO05 .* xnf12_KO03 + snf12_KO03; 9% 51x1)
vi12_KO3_E10 = nf12_KO3_E10 .* xnfl12_KO3 + snfl12_KO03; % 51x1)
KO300HLMS = pol yfit(r0151, vf 12_K03_EDO, 8) ;
%ut put Qut put Qut put OJt put Qut put OJt put Qut put Qut put Qut put Qut put Qut put Cut put
KO305HLMs = pol yfit(r0151, vf12_KO03_EO5, 8);
%0ut put Qut put Cut put aut put Qut put it put Qut put Qut put Qut put Qut put Qut put Cut put
KO310HLMs = pol yfit(r0151, vf12_K03_E10, 8);
%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

figure;

subpl ot (3,1, 3);

pl ot (r 0151, pol yval (KO100HLMS, r0151),"'-."); hold on;
pl ot (r 0151, pol yval (KO105HLMS, r 0151), ' --");

pl ot (r 0151, pol yval (KO110HLMS, r0151), "' -");
text(0.5,6.25," 1st node');

ylabel (K 0_1'); xlabel ("mt/mO0'); grid ninor;
subpl ot (3,1, 2);

pl ot (r 0151, pol yval ( KO200HLMS, r 0151), ")
pl ot (r 0151, pol yval ( KO205HLMS, r 0151) , BDE
pl ot (r 0151, pol yval ( KO210HLMS, r 0151), ) ;
text(0.5,17,' 2nd node');

ylabel (' K 0_2'); grid minor;
subplot(3,1,1);

pl ot (r 0151, pol yval (KO30OHLMS, r0151),'-."); hold on;

pl ot (r 0151, pol yval (KO305HLMS, r 0151), ' --");

pl ot (r 0151, pol yvaI (KO310HLMS, r0151), " -");
text(0.5,37.5,"3rd node' );title(' Figure-12");

yl abel (' K 0_3"); grid minor;

I egend(' El_t/El _0=0',"El _t/El _0=.5","'El_t/El _0=1",2);
hol d off;

hol d on;

clear nfi12_KO* xnf12 KO* snfi12_KO* vf12_ KO*

% Fi gure-13
nf13_Kh10_EXX = [ 22.25 20.80 19.40 18.10 16.85 15.70 14.70 13.65
11.80 11.10 ..

10.40 9.85 9.30 8.80 8.30 7.8  7.40
6.60  6.25 .
5.85 550 5.15 4.85 4.50 4.20  3.95
3.50 3.20 .
3.00 2.8 2.65 2.40 2.20 2.05  1.90
1.50  1.35 .
1.25 1.15 0.95 0.85 0.70 0.60  0.45
0.15  0.00 ].
nf13_Kh1l E00 = [ 3. 05 3.10 3.20 3.25 3.30 3.35 3.45  3.50
3.65 3.75 .
3.80 3.90 4.00 4.10 4.15  4.25  4.35
4.50  4.70 .
4.80 490 505 515 525 540  5.55
5.80  5.95 .
6.15 6.30 6.50 6.65 6.80 7.00 7.15
7.65  7.90 .
8.10 8.35 860 8.90 9.20 9.50  9.80

10.45  10.75 ]
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nf13_Khll EO5 = [ 7.70 7.75
5 .

8.40 8.4
9.40  9.50
10.80  10.95
12.85 13.10
16.05 16.40 ].

8.

.

1.
13

nf13_Khi1l E10 = [ 10.45

11.15 11. 20

5.28
6. 44
7.58

12.20  12.30
13.65 13.80
15.75  16.05
19.05 19.40 .

nf13_Kh12_E00 = [ 1.85
2.45  2.52 }
3.17  3.23
3.88  3.95
4.55  4.63
5.40 5.50].';

nf13_Kh12_E05 = [ 3.95
4.70 4.78 .
5.50  5.60
6.42  6.50
7.25  7.35
8.30 8.40].';

nf13_Kh12_E10 = [ 5.10
5.95  6.03 .
6.85  6.95
7.80  7.90
8.70  8.80
9.75  9.85].':

nf13_Kh13_E00 = [ O.65
1.37 1.45 .
2.17  2.25
2.925 3.00
3.68  3.75
4.40  4.45].';

nf13_Kh13_E05 = [ 2.80
3.88  4.00 .
4.97  5.05
6.13  6.25
7.15  7.25
8.05 8.15].';

nf13_Kh13_E10 = [ 4.10

5 ;
6
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8.91 9.02 9.13 9.24 9.35 9.47 9.58
9.75 9.80 ]."'

xnf 13_Kh10
snf 13_Kh10
vf13_Kh10 EXX nf 13_Kh10_EXX .* xnf13_Kh10 + snf 13_Kh10; 9% 51x1)
Kh10XXHLMS = pol yfit(r0151, vf 13_Kh10 EXX, 8); %

Qut put Qut put Qut put Qut put Qut put Qut put it put Qut put Qut put Qut put Qut put Qut put

0 5./ [22.25 .* ones(1,51)]."; %51x1)
. 5;

xnf13_Khll = 2.5 ./ [22.35:-0.05/50:22.30]."; %51x1)
snf13_Khll = 7;
vf13_Kh11l_E00 = nf13_Kh11l_EOO .* xnf13_Kh1l + snf13_Kh11l; 9% 51x1)
vi13_Kh1l_EO5 = nf13_Kh11l_EO5 .* xnf13_Kh1ll + snf13_Kh1ll; % 51x1)
vf13_Kh11l_E10 = nf13_Kh11l_E10 .* xnf13_Kh1ll + snf13_Kh1l1l; % 51x1)
Kh1100HLMS = pol yfit(r0151, vf13_Kh11l_EQOQ, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
Kh1105HLMS = pol yfit(r0151, vf 13_Kh11l_EO5, 8);

%0ut put Qut put Qut put OJt put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
Kh1110HLMS = pol yfit(r0151, vf13_Kh1l1_E10, 8);

%0ut put Qut put Cut put it put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put

xnf 13_Kh12
snf 13_Kh12
vf13_Kh12_E00 = nf13_Kh12_EOO0 .* xnf13_Kh12 + snf13_Kh12; 9% 51x1)
vi13_Kh12_EO5 = nf13_Kh12_EO5 .* xnf13_Kh12 + snf13_Kh12; % 51x1)
vf13_Kh12_E10 = nf13_Kh12_E10 .* xnf13_Kh12 + snf13_Kh12; 9% 51x1)
Kh1200HLMS = pol yfit(r0151, vf 13_Kh12_EQO, 8);

%Cut put Qut put Qut put aut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
Kh1205HLMS = pol yfit(r0151, vf 13_Kh12_EQO5, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
Kh1210HLMS = pol yfit(r0151, vf 13_Kh12_E10, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

15 ./ [13.40 .* ones(1,51)]."'; 9%51x1)
15;

xnf13_Kh13 = 40 ./ [17.80:-0.10/50:17.70]."; 9%51x1)
snf13_Kh13 = 30;
vf13_Kh13_E00 nf13_Kh13_EO00 .* xnf13_Kh1l3 + snf13_Kh13; 9% 51x1)
vf 13_Kh13_EO05 nf13_Kh13_EO05 .* xnf13_Khl3 + snf13_Kh13; 9% 51x1)
vf13_Kh13_E10 = nf13_Kh13_E10 .* xnf13_Kh13 + snf13_Kh13; 9% 51x1)
Kh1300HLMS = pol yfit(r0151, vf 13_Kh13_EQO, 8);
%Cut put Qut put Qut put aut put Qut put Qut put Qut put Cut put Qut put Qut put Qut put Qut put
Kh1305HLMS = pol yfit(r0151, vf 13_Kh13_EO5, 8);
%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
Kh1310HLMS = pol yfit(r0151, vf 13_Kh13_E10, 8);
%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

figure;
subpl ot (4,1, 4);
pl ot (r 0151, pol yval (Kh10XXHLMS, r0151),"'-','linewidth',2); hold on;

text(0.5,1.9, Zero node' ) ;

text (0.5, 1. 65 "FOR ALL EI _t/ElI_0");

yl abel (' Kh 10 y; xlabel ("mt/mo0 ) grid mnor;
subpl ot (4,1, 3);

pl ot (r 0151, poI yval (Kh1100HLMS, r 0151), DR
pl ot (r 0151, pol yval (Kh1105HLMS, r 0151), BDE
pl ot ( r0151, pol yval (Kh1110HLMS, r 0151), ) ;
text(0.5,9.25," 1st node');

ylabel (" Kh_1_1'); grid m nor;

subpl ot (4,1, 2);

pl ot (r 0151, pol yval (Kh1200HLMS, r 0151), )
pl ot (r 0151, pol yval (Kh1205HLMS, r 0151), BDE
pl ot (r 0151, pol yval (Kh1210HLMS, r 0151), ) ;
text (0.5, 28,'2nd node');

yl abel (" Kh_1_2'); grid mnor;
subplot(4,1,1);

pl ot (r 0151, pol yval (Kh1300HLMS, r0151),"'-."); hold on;
pl ot (r 0151, pol yval (Kh1305HLMS, r0151), " --")

pl ot (r0151, pol yval (Kh1310HLMS, r0151),"-");
text(0.5,55,"'3rd node');title(' Figure-13");

yl abel (" Kh_1_3"); grid mnor;

| egend(' EI _t/El _0=0","El _t/El _0=.5","El _t/El _0=1", 2);
hol d off;

hol d on;

hol d on;

clear nf13_Khl* xnf13_Khl* snf13_Khl* vf13_ Khl*
% CANTI LEVER BEAMS W TH LI NEAR MASS AND STI FFNESS DI STRI BUTI ONS:

% Fi gure-14
nfl4_al_EOO = [ 22.25 20.35 18.80 17.55 16.55 15.50 14.65 13.85
12.35 11.75 .
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11. 15 10. 50 10. 00 9.45 8.95 8. 50 8. 05 7.65

7.30 6. 95 ..

6. 55 6. 25 5.90 5.60 5.35 5.00 4.70 4.35
4.15 3.85 ..

3.60 3.40 3.20 3.00 2.75 2.50 2.30 2.10
1.95 1.75 ..

1.55 1.40 1.25 1.10 0.90 0.75 0. 60 0. 45
0. 30 0.20 ].";

nfl4_al_EO5 = [ 24.30 22.60 21.10 19. 85 18. 80 17. 80 16. 90 16. 05 15. 30
14. 60 13.95 ..
13. 30 12.70 12.10 11. 45 10. 95 10. 55 10. 15 9.75

9.35 8. 90 .

8. 50 8. 20 7.90 7.55 7.15 6. 90 6. 60 6. 35
6. 05 5.70 ..

5. 50 5.25 4.95 4.70 4.50 4.35 4.15 3.95
3.75 3.50 .

3.30 3.15 2.95 2.75 2.50 2.35 2.20 2. 00
1.85 1.70 1. ;

nfl4_al E10 = [ 26.20 24.40 22.80 21.45 20. 25 19. 20 18. 25 17. 35 16. 65
15. 80 15. 20 ..
14.55 13.95 13. 35 12. 75 12. 20 11.75 11. 25 10. 90
10. 50 10. 15 ..
9.75 9. 40 9. 05 8.70 8. 35 8. 05 7.80 7.45

7.15  6.90 .,
6.60 6.35 6.05 580 555 530 515  4.95
4.80  4.55 .
4.35 420 3.95 3.80 3.55 3.40 3.20 3.05
2,90 2.751.';
nfl4 a2 EO0 = [ 16.85 15.80 14.85 13.90 12.95 12.25 11.55 10.85 10.30
970  9.20 ...
8.65 8.15 7.70 7.30 6.95 6.60 6.20  5.90
5.60  5.30 .
500 4.75 450 4.25 3.95 3.75 3.55  3.35
3.10 2.95 .
2.80 2.60 2.45 2.35 2,15 2.05 1.85 1.75
1.65  1.50 .,
1.40 1.30 1.20 1.10 1.00 0.90 0.85  0.80
0.75 0.701.';

nfl4_a2_EO5 = [ 22.85 21.80 20.90 20. 00 19.10 18. 20 17.35 16. 65 16. 05
15. 45 14. 95 ..

14. 35 13. 90 13. 45 13. 00 12. 60 12.15 11. 80 11. 40
11.05 10. 65 ..

10. 35 10. 05 9.75 9.45 9.15 8. 90 8. 65 8. 40

8. 15 7.95 .
7.75 7.50 7.30 7.15 6. 95 6. 80 6. 60 6. 40
6.25 6. 10 .
6. 00 5. 80 5. 65 5.55 5. 40 5.25 5.15 5. 05
4.95  4.85].';

nfl4_a2_E10 = [ 26.95 25.85 24.70 23.70 22.75 21.95 21.10 20. 30 19. 65
19. 00 18. 35 ..
17.75 17. 25 16. 80 16. 35 15.90 15. 50 15.10 14.70
14. 35 14. 00 ..
13. 65 13.35 13. 00 12. 75 12. 40 12. 15 11. 90 11. 65
11.40 11.10

10.85 10.65 10.45 10.25 10.05 9.85  9.65  9.45
9.30 9.10 .
8.95 8.75 860 845 825 810 7.95 7.85
7.65  7.501.';
nfl4_a3 E00 = [ 12.15 11.70 11.20 10.70 10.30 9.85 9.45 9.10 8.75
8745 8.10 ...
7.85 7.55 7.25 7.05 6.75 6.45 6.25  6.05
5.85  5.70 .
5,45 530 5.15 4.95 4.80 4.65 4.55  4.45
4.30  4.20 .
4.00 3.90 3.80 3.70 3.60 3.50 3.40 3.35
3.25  3.20 .
3.10 3.00 2.95 2.90 2.80 2.75 2.70  2.60
2.55 2.50].';

nfl14_a3_EO5 = [ 16.80 16. 35 15. 80 15. 40 14. 95 14. 50 14.10 13.70 13. 35
13. 00 12. 70 .
12. 35 12.05 11.75 11. 45 11. 20 10. 95 10.70 10. 35

10.15 9.95 .

9.70 9.45 9.25 9.10 890 8.75 855 835
8.20  8.05 .

7.85 7.75 7.55 7.45 7.30 7.15  7.00  6.90
6.85  6.80 .

6.75 6.70 6.65 6.60 6.60 6.55 6.50  6.45
6.40  6.40 ].';
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nfl4_a3_E10 = [ 20.05 19. 50 18. 85 18. 30 17.75 17. 30 16. 80 16. 35 15.90
15. 60 15. 25 L
14. 95 14.55 14. 25 13.95 13.70 13. 35 13.10 12. 80
12. 60 12. 40 ..
12. 15 11. 95 11.75 11.55 11. 35 11. 20 11. 05 10. 85
10. 65 10. 50 ..
10. 35 10. 25 10. 10 10. 00 9.90 9. 80 9. 65 9.55

9.45  9.40 .
9.30 9.20 9.15 9.05 8.95 890 880 8.75
8.70 8.601.';
a0CLMB =

[1; %0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qu
t put Qut put Qut put Qut put Qut put

xnf14 al = 5 ./ [26.90:-0.10/50: 26.80]."; %51x1)

snfl4_al = 3;

vil4 _al EO0 = nfl14_al EOO .* xnfl4_al + snfld_al; % 51x1)
vfl4 _al EO05 = nfl4_al EO5 .* xnfl4_al + snfld_al; 9% 51x1)
vfl4_al E10 = nf14_al E10 .* xnfl4_al + snfld4_al; %51x1)

al00CLMS = pol yfit(r0151, vf14_al_ EOOQ, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
alO5CLMS = pol yfit(r0151, vf14_al_EO5, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
allOCLMS = pol yfit(r0151, vf14_al_E10, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

xnfl4_a2 = 30 ./ [[32.40 .* ones(1,25)] [32.40:-0.20/25:32.20]]."; 9%51x1)
snf14_a2 = 15;
vil4 a2 E00 = nfl4_a2 EOO .* xnfl4_a2 + snfld_a2; 9% 51x1)
vfl4 a2 EO05 = nfld4_a2_ EO5 .* xnfl4_a2 + snfld_a2; % 51x1)
vfl4_a2_E10 = nfl4_a2_E10 .* xnfld_a2 + snfld_a2; %51x1)
a200CLMS = pol yfit(r0151, vf14_a2_ EOQO, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a205CLMS = pol yfit(r0151, vf14_a2_EOQO5, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a210CLMS = pol yfit(r0151, vf14_a2_E10, 8);

%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

xnfl4_a3 = 80 ./ [21.50:-0.10/50:21.40]."; 9%51x1)
snf14_a3 = 30;
vil4 a3 E00 = nfl4_a3_EO0 .* xnfl4_a3 + snfld_a3; % 51x1)
vfl4_a3_EO05 = nfl4_a3_EO5 .* xnfl4_a3 + snfld_a3; % 51x1)
vfl4_a3_E10 = nfl1l4_a3_E10 .* xnfl4_a3 + snfld_a3; %51x1)
a300CLMS = pol yfit(r0151, vf14_a3_EQOQ, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a305CLMS = pol yfit(r0151, vf14_a3_EO5, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
a310CLMS = pol yfit(r0151, vf14_a3_E10, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

figure;

subpl ot (3,1, 3);

pl ot (r 0151, pol yval (al00CLMs, r0151),'-."); hold on;
pl ot (r 0151, pol yval (a105CLMsS, r 0151), "' --");

pl ot (r 0151, pol yval (al10CLMs, r 0151),"'-");
text(0.5,7.5, ' 1st node');

ylabel (*a_1"); xlabel ("mt/mO0'); grid mnor;
subplot (3,1, 2);

pl ot (r 0151, pol yval (a200CLMsS, r0151), "' -.");
pl ot (r 0151, pol yval (a205CLMs, r 0151), "' --");
pl ot (r 0151, pol yval (a210CLMs, r0151),"'-");
text (0.5, 35,'2nd node');

ylabel (*a_2"); grid mnor;
subplot(3,1,1);

pl ot (r 0151, pol yval (a300CLMsS, r0151),'-."); hold on;
pl ot (r 0151, pol yval (a305CLMsS, r0151), "' --");

pl ot (r 0151, pol yval (a310CLMs, r0151),"'-");
text(0.5,100,'3rd node');title(' Figure-14");

ylabel (*a_3"); grid mnor;

| egend(' EI _t/ElI _0=0","El _t/El _0=.5","El _t/El _0=1");
hol d of f;

clear nfl4_a* xnfl4_a* snfl4_a* vfl4_a*

hol d on;

% Fi gur e- 15
nf15_KO1_EOO = [ 13.00 13.10 13.25 13.40 13.50 13.70 13.85 14.00 14.10
14.25 14.30 ...
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15. 30
15. 85
16. 25
16. 35
nf 15_K01_EO5
10.25
10. 70
10. 95
11. 15
11. 30
nf 15_K01_E10
8. 05
8.55
9.00
9.35
9.50
nf 15_K02_E00
7.50
12. 50
17.15
21.20
24.05
nf 15_K02_E05
6. 95
12. 20
16. 85
20. 60
22.85
nf 15_K02_E10
6. 70
11.95
16. 55
20. 30
22. 60
nf 15_K03_E00
7.75
12. 10
15. 80
18. 30
19. 20
nf 15_K03_EO05
8. 35
12.75
16. 70
19. 70

21.10

=1 7.50

=1 2.55

=[ 2.05

=[ 4.40

15.35

14. 45

15, 40

15.90

""16. 00

16. 25

""16. 30

16.40 1."

=[ 9.70

10. 25

9.75

""10. 30

10. 75

""10. 75

10. 95

"'11. 00

11.15

""11. 20

11.30 ].';
8.05
8. 60
9.05
9.40
9.50 ]

8. 00
12. 95

.55
10
65
15
40
.10
.55

13,50

17. 60

"'18.15

21.50
24.25 1.
7.55

"'21. 90
" 2.55

"'8.10

12. 65

"13.15

17. 30

"17.75

20.90

"21. 20

22.95].";

=[ 1.75

7.25

2.35

"'7.80

12. 40

""12. 90

16. 95

"'17. 40

20. 60

" 20. 90

22.75 1. ;

=[ 3.50

8.10

4.00

"'8.65

12. 45

""12. 90

16. 10

""16. 40

18. 45
19.25 1."
8.85
13.10
17.05
19. 90
21.20 1.';

18.65

' 4.80
9.25
13.55
17. 45
20. 05

14.55
15. 45
16. 00
16. 30
9. 80
10. 35
10. 75
11. 05
11. 20
7.60
8. 15
8.70
9.20
9.45
3. 60
9. 05
13.95
18.55
22.20
3.10
8. 60
13. 65
18. 15
21. 45
2.85
8.35
13. 40
17.75
21.15
4.50
9. 05
13. 25
16. 65
18. 80
5.20
9. 65
13.95
17. 80
20. 25

14. 70
15. 50
16. 05
16. 30
9.85
10. 40
10. 80
11. 05
11. 25
65
.25
75
25
45
.15

© » © © ® ® N

.55
14. 45
18. 95
22.50
3.65
9.10
14. 15
18. 50
21.75
3. 40
8. 85
13.90
18. 15
21.45
4. 95
9.55
13.70
16. 95
18. 90
5.70
10. 10
14. 35
18. 05
20. 40

14. 80
15.55
16. 10
16. 30
9.90
10. 45
10. 80
11. 05
11. 25
.70
30
80
25
.45

P 0 0 ® ® N

. 65

10. 00
14. 95
19. 35
22.80
4.15

9. 65

14. 60
18. 90
22.00
3.95

9.40

14. 40
18. 55
21.70
5.45

10. 00
14. 05
17. 20
19. 00
6. 15

10. 55
14. 70
18. 35
20.50
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14.90
15. 65
16. 15
16. 35
9.95
10. 50
10. 80
11.10
11. 25
7.75
8.35
8. 80
9.30
9.45
5.25
10. 50
15. 40
19.75
23.05
4.75
10. 20
15.10
19. 30
22.20
4. 55
9.90
14. 85
18. 95
21.90
5.90
10. 45
14. 35
17. 45
19.10
6. 60
11. 00
15.10
18. 65
20. 65

15. 00
15.70
16. 20
16. 35
10. 00
10. 60
10. 85
11.10

85
40
85
35
.45

v o © ® ® N

.80

11. 05
15. 85
20. 15
23.30
5.30

10. 75
15.55
19. 65
22.40
5.10

10. 45
15. 25
19. 25
22.10
6. 40

10. 85
14.75
17. 65
19. 15
7.10

11. 45
15.55
18. 95
20.75

15.10
15.75
16. 20
16. 35
10. 10
10. 65
10. 90
11.15

90
50
90
35
.45

o © © ® ® N

.35

11.55
16. 30
20.50
23.55
5.85

11. 20
15. 95
19. 95
22.55
5. 60

10. 95
15.70
19. 60
22.30
6. 80

11. 20
15.10
17. 90
19.15
7.50

11. 80
15. 90
19. 25
20. 85

15. 20
15. 80
16. 20
16. 35
10. 15
10.70
10. 90
11.15
11. 25
7.95

8.55

8. 95

9.35

9.50

6. 90

12. 00
16. 75
20. 85
23.80
6. 40

11.70
16. 40
20. 30
22.70
6. 15

11. 45
16. 15
19. 95
22.45
7.30

11. 65
15. 40
18. 10
19. 20
7.95

12. 20
16. 30
19. 45
21.00



nf15 KO3_E10 = [ 4.75 5.15 555 6.00 6.40 6.90 7.30 7.70  8.15
8.65 9.00 ...
9.45 9.90 10.35 10.80 11.20 11.65 12.05 12.45
12.95 13.30 ...
13.75 14.20 14.55 14.95 15.35 15.85 16.20 16.60
16.95 17.30 ...
17.65 18.05 18.35 18.65 18.95 19.20 19.45 19.70
20.00 20.15 ...
20.40 20.60 20.75 20.90 21.05 21.15 21.30 21.40
21.45 21.50].';

KOOCLMS =
[1; %0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qu
t put Qut put Qut put Qut put Qut put

xnf15_K01 = 0.20 ./ [20.70:-0.05/50:20.65]."; %51x1)
snf15_K01 = 1.10;
vf15_KO01_EO00 = nf15_KO01_EO00 .* xnf15_KO01 + snf15_KO01; 9% 51x1)
vi15_KO01_EO5 = nf15_KO1_EO5 .* xnf15_KO1 + snf15_KO1; % 51x1)
vf15_K01_E10 = nf15_KO1_E10 .* xnf15_KO01 + snf15_KO01, % 51x1)
K0100CLMS = pol yfit(r0151, vf15_KO01_EQO, 8);
%0ut put Qut put Qut put Qut put Qut put it put Cut put Qut put Qut put Qut put Qut put Qut put
KO105CLMS = pol yfit(r0151, vf15_K01_EO5, 8);
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO110CLMs = pol yfit(r0151, vf15_KO01_E10, 8);
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

xnf15_K02 = 3 ./ [[31.10 .* ones(1,25)] [31.10:-0.10/25:31.00]]."; 9%51x1)
snf15_K02 = 4;
vf15_K02_E00 = nf15_K02_EO00 .* xnf15_K02 + snfl1l5_K02; 9% 51x1)
vi15_K02_EO05 = nf15_KO02_EO5 .* xnf15_K02 + snf15_KO02; % 51x1)
vf15_K02_E10 = nf15_KO02_E10 .* xnf15_K02 + snf15_KO02; % 51x1)
K0200CLMs = pol yfit(r0151, vf15_K02_EOO, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
K0205CLMS = pol yfit(r0151, vf15_K02_EO5, 8);

%0ut put Qut put Qut put OJt put Qut put OJt put Qut put Qut put Qut put Qut put Qut put Cut put
K0210CLMs = pol yfit(r0151, vf15_K02_E10, 8);

%0ut put Qut put Cut put aut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

xnf 15_KO03
snf 15_KO03
vf 15_K03_E00 nf15_KO03_EO00 .* xnfl1l5_KO03 + snfl15_K03; 9% 51x1)
vf 15_K03_E05 nf 15_KO3_E05 .* xnf15 K03 + snf15_K03; 9% 51x1)
vf15_K03_E10 = nf 15_KO03_E10 .* xnf15_KO03 + snf15_K03; % 51x1)
KO300CLMS = pol yfit(r0151, vf15_KO03_EQ0, 8);

%0ut put Qut put Qut put Qut put Qut put aut put Cut put Qut put Qut put Qut put Qut put Qut put
KO305CLMsS = pol yfit(r0151, vf15_K03_EO5, 8);

%0ut put Qut put Cut put OJt put Qut put OJt put Qut put Qut put Qut put Qut put Qut put Cut put
KO310CLMs = pol yfit(r0151, vf15_KO03_E10, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

10 ./ [25.80:-0.10/50:25.70]."; 9% 51x1)
8,

figure;

subpl ot (3,1, 3);

pl ot (r 0151, pol yval (KO100CLMS, r0151),'-."); hold on;
pl ot (r 0151, pol yval (KO105CLMS, r 0151), "' --");

pl ot (r 0151, pol yval (KO110CLMS, r0151),"'-");
text(0.5,1.28," 1st node');

ylabel (" K 0_1"); xlabel ("mt/mO0'); grid minor;
subpl ot (3,1, 2);

pl ot (r 0151, pol yval ( KO200CLMS, r0151),'-."); hold on;
pl ot (r 0151, pol yval (KO205CLMS, r 0151), "' --");

pl ot (r 0151, pol yval (KO210CLMS, r0151),"'-");
text(0.5,6.25,'2nd node');

yl abel (* K 0_2'); grid mnor;

subplot(3,1,1);

pl ot (r 0151, pol yval (KO300CLMS, r0151),'-."); hold on;
pl ot (r 0151, pol yval (KO305CLMS, r 0151), "' --");

pl ot (r 0151, poI yval (KO310CLMs, r0151),"'-");
text(0.5,17,'3rd node');title(' Figure-15");

yl abel (' KO 3'); grid mnor;

| egend(' El_t/El _0=0',"'El _t/El _0=.5","'El _t/El _0=1",2);
hol d of f;

clear nf15_KO* xnf15_KO0* snf15_KO* vf15_KO*
% Fi gure- 16

nf16_Khll_EO00 = [ 25.40 24.00 22.60 21. 30 20. 15 19. 15 18. 30 17. 45 16. 65
15. 95 15. 30 ..
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14. 65

10. 35
7.95
'6. 65

22.80

'13. 25

"'8.60

"6.20

"'4.95

21.60

12.15

"'7.70

"'5.55

"4.50

11.05  10.75

8.30 8.15

6.95  6.80

6.10  6.05 ].
nf16_Kh1l EO5 = [ 24.35

14.55  13.90

9.25  8.95

6.60  6.40

5.15  5.10

4.50 4.45].';
nf16_Kh1l E10 = [ 23.25

13.55 12.80

8.35  8.05

5.85  5.70

4.65  4.60

4.20  4.15].';
nf16_Kh12_E00 = [ 4.75

8.30 8.70 }

12.10  12.45

15.75  16.05

19.20 19.55

22.20 22.50 ].
nf16_Kh12_EO5 = [ 6.50

9.80 10.15 .

13.35 13.70

16.80 17.15

20.30  20.65

23.60 23.90 ].';
nf16_Kh12_E10 = [ 7.35

10.75 11.10 .

14.40  14.80

18.20 18.55

21.80 22.20

25.35 25.70 ].';
nf16_Kh13_E00 = [ 0.75

2.70 2.95 ;

4.80  5.00

6.40  6.50

7.65  7.75

8.50 8.55].':
nf16_Kh13_E05 = [ 2.50

4.50  4.70 :

6.55  6.70

8.40  8.60

10.00  10.20

11.20 11.30 ].';

el ol AN N o o W e

5.15

9.05
12. 80
16. 40
19. 85
' 6.90
10. 50
14. 00
17. 45
20. 95

7.75

11. 45
15. 15
18. 90
22.55

00
10
20
65
85
70
90
95
75
10. 30

14. 15
10. 05
7.80
6. 60
21.45
12.55
8.25
6. 05
4.90
20. 20
11. 50
7.45
5.40
4.45
5.55
9.40
13.15
16. 80
20.10
7.30
10. 85
14. 35
17. 80
21. 25
8. 20
11. 85
15.55
19. 30
22.90
1.25
3.30

80
95
90
10
.15

© N oD N

.95
10. 45

13. 65
9.75
7.65
6. 55
20.10
11. 95
8. 00
5.90
4. 85
18. 90
10. 95
7.15
5.25
4.45
5.95
9. 85
13.55
17. 10
20. 40
7.70
11. 25
14. 65
18. 20
21. 60
8. 60
12. 20
15. 95
19. 65
23.25
.50
55
50
90
05
15
35
.35

© N o w @ o o ow e

.05
10. 55

13.15
9.40
7.50
6. 50
18. 95
11.50
7.70
5.80
4.80
17. 80
10. 30
6. 90
5.10
4.40
6. 35
10. 30
13.95
17. 45
20. 75
8. 05
11. 60
15. 00
18. 55
21.95
8.90
12. 60
16. 30
20. 05
23.60
.70
75
65
05
15
35
60
.55

© N 0w o N o0 w P

.25
10.70
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12. 65
9.15
7.35
6. 40
17.90
11. 00
7.40
5. 65
4.75
16. 75
9.90
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5.00
4.35
6. 85
10. 65
14. 30
17. 80
21.00
8. 40
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15. 35
18. 90
22.30
9. 30
12. 95
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20. 45
23.95
1.90
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12. 20
8. 95
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6.30
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7.20
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4. 65
15. 80
9.40
6. 45
4.90
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7.15
10. 95
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21.35
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22.65
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20. 80
24.30
.05
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25
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nf16_Kh13_E10 = [ 3.35 3.55 3.75 3.95 4.15 4.35 4.55 4.75 4.95

5.15 5.35 ..

5.55 5.75 6. 00 6. 20 6. 40 6. 60 6.80 7.00
7.25 7.40 ..

7.65 7.80 8. 00 8. 20 8. 45 8. 60 8. 80 8. 95
9.15 9. 30

9.45 9.60 9.80 9.95  10.10 10.30 10.50 10.60
10.75 10.90 ...

11.05 11.20 11.35 11.45 11.55 11.65 11.75 11.90
11.95 12.05 ].';

Kh10CLMs =
[1; %0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qu
t put Qut put Qut put Qut put Qut put

xnf16_Khll = 0.5 ./ [[29.40:0.10/10:29.50] [29.50 .* ones(1,29)] [29.50:-
0.10/10:29.40]]."; 9%51x1)
snf16_Khll = 1.5;
vi16_Kh1l_EOO = nf16_Kh1l_EOO .* xnf16_Kh1ll + snf16_Kh1l; % 51x1)
vf16_Kh1l_EO5 = nf16_Kh11l_EO5 .* xnf16_Kh1ll + snf16_Kh11l; % 51x1)
vf16_Kh11 E10 = nf16_Kh11l E10 .* xnf16_Khll + snf16_Kh11l; 9% 51x1)
Kh1100CLMS = pol yfit(r0151, vi 16_Kh11l_EQO, 8);
%0ut put Qut put Cut put it put Qut put Qut put aut put Qut put Qut put Qut put Qut put Qut put
Kh1105CLMS = pol yfit(r0151, vf16_Khl1l1l_EO5, 8);
%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
Kh1110CLMs = pol yfit(r0151, vf16_Kh11l_E10, 8);
%0ut put Qut put Cut put OJt put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put

xnf16_Khl12 = 2.5 ./ [[29.50 .* ones(1,40)] [29.50:-0.15/10:29.35]]."; 9%51x1)
snf16_Khl2 = 6
vf 16_Kh12_EOO0 nf16_Kh12_EO00 .* xnf16_Khl2 + snf16_Kh12; 9% 51x1)
vf16_Kh12_EO05 nf16_Kh12_EOQ5 .* xnf16_Kh1l2 + snf16_Kh12; 9% 51x1)
vf 16_Kh12_E10 nf16_Kh12_E10 .* xnf16_Kh12 + snf16_Kh12; 9% 51x1)
Kh1200CLMS = pol yfit(r0151, vi 16_Kh12_EQO, 8);

%0ut put Qut put Cut put it put Qut put Qut put aut put Qut put Qut put Qut put Qut put Qut put
Kh1205CLMS = pol yfit(r0151, vf16_Kh12_EO5, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
Kh1210CLMs = pol yfit(r0151, vf16_Kh12_E10, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

xnf16_Kh13 = 12 ./ [17.65:-0.15/50:17.50]."; 9% 51x1)
snf 16_Kh13 = 14;
vf16_Kh13_EOO0 = nf16_Kh13_EOO .* xnf1l6_Kh13 + snf16_Kh13; % 51x1)
vf16_Kh13_EO5 = nf16_Kh13_EO5 .* xnf16_Kh13 + snf16_Kh13; % 51x1)
vf16_Kh13“E10 = nf16_Kh13_E10 .* xnf16_Kh13 + snf16_Kh13; 9% 51x1)
Kh1300CLMS = poI yfit(r0151, vf 16_Kh13_EOO, 8);
%0ut put Qut put Cut put it put Qut put Qut put aut put Qut put Qut put Qut put Qut put Qut put
Kh1305CLMS = pol yfit(r0151, vf16_Kh13_EO5, 8);
%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
Kh1310CLMs = pol yfit(r0151, vf16_Kh13_E10, 8);
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

figure;

subpl ot (3,1, 3);

pl ot (r 0151, pol yval (Kh1100CLMS, r0151),"'-."); hold on;
pl ot (r 0151, pol yval (Kh1105CLMsS, r 0151), "' --");

pl ot (r0151, pol yval (Kh1110CLMS, r0151),"'-");
text(0.5,1.95, " 1st node');

ylabel (" Kh_1_1"); xlabel ('mt/mO0'); grid mnor;
subplot (3,1, 2);

pl ot (r 0151, pol yval (Kh1200CLMS, r 0151), DR
pl ot (r 0151, pol yval (Kh1205CLMS, r 0151) , DE
pl ot (r 0151, pol yval (Kh1210CLMS, r 0151), ) ;
text(0.5,8,'2nd node');

ylabel (" Kh_1_2"); grid mnor;
subplot(3,1,1);

pl ot (r 0151, pol yval (Kh1300CLMS, r0151),"'-."); hold on;
pl ot (r 0151, pol yval (Kh1305CLMS, r 0151), "' --");

pl ot (r 0151, pol yval (Kh1310CLMsS, r0151),"'-");
text(0.5,23,'3rd node');title(' Figure-16");

yl abel (' Kh_ 1 3' ); grid mnor;

I egend(' EI_t7El 0 0',"ElI_t/EI_0=.5","El _t/EI _0=1", 2);
hol d off;

; hol d on;

clear nfl16_Kh* xnf16_Kh* snf16_Kh* vf16_Kh*
% NONROTATI NG UNI FORM CANTI LEVER BEAMS W TH A MASS AT THE TI P:

% Fi gure-17
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nfl7_tetalsq = [ 21.80 20.60 19. 45 18. 35 17. 40 16. 55 15. 80 15.10 14. 45
13. 90 13.35 L
12.90 12. 60 12. 25 11.95 11.70 11. 40 11.10 10. 90
10. 65 10. 40

10.20 10.00 9.75 9.55 9.30 9.10 8.95  8.80
8.65  8.50 .

8.40 8.25 815 805 7.95 7.85 7.8  7.70
7.65  7.60 .

7.55  7.45 7.40 7.40 7.35 7.30 7.30  7.25
7.20  7.20 7.

nfl7 teta2sq = [ 17.45 14.75 12.50 10.60 9.20 8.05 7.20 6.65  6.25

5.90  5.50 .

5.20 4.90 4.70 4.50 4.30 4.10 3.95  3.85
3.75  3.65 .

3.55 3.45 3.35 3.25 3.20 3.10 3.00 2.95
2.90  2.80 .

2.75 2.70 2.65 2.60 2.55  2.50  2.45  2.40
2.35  2.30 .

2,25 2,20 2.20 2.20 2.15 2.15 2.10  2.10
2.05 2.05].

nf17_teta3sq = [ 14. 35 11.80 9.40 7.40 5.85 4.70 3.90  3.40  3.05

2.80 = 2.55 .

"2.40 2,20 2,05 1.95 1.85 1.75 1.70  1.65
1.60  1.55 .

1.50 1.45 1.40 1.30 1.25 1.20 1.15  1.15
1.10  1.05 .

1,00 1.00 0.95 0.95 0.90 0.90 0.90  0.90
0.85  0.85 .

0.85 0.85 0.85 0.8 0.8 0.80 0.8  0.80
0.75 0.751].';

xnf 17_t etalsq
snf 17_tetalsq
xnf 17_t et a2sq
snf 17 t et a2sq
xnf17_t et a3sq
snf 17 teta3sq ;
vfl7_tetalsq = nfl7_tetalsq .* xnfl7_tetalsq + snfl7_tetalsq; % 51x1)
vil7 teta2sq = nfl7_teta2sq .* xnfl7_teta2sq + snfl7_teta2sq; %51x1)
vfl7_teta3sq = nfl7_teta3sq .* xnfl7_teta3sq + snfl7_teta3sq; %51x1)
tetaOsgNUCM = [];

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Qut put Qut pu

t Qut put Qut put Qut
tetalsqNUCM = pol yfit(r0251, vf17_tetalsq, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
teta2sqNUCM = pol yfit(r0251, vf17_teta2sq, 8);

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
teta3sqNUCM = pol yfit(r0251, vf17_teta3sq, 8);

%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

4 ./ [25.00:-0.15/50:24.85]."; 9%51x1)
0.0;

10 ./ [25.00:-0.10/50:24.90]."'; 9%51x1)
15;

20 ./ [24.85:-0.10/50: 24.75]."; 9% 51x1)
O.

figure;

subpl ot (3,1, 3);

pl ot (r 0251, poI yval (tetalsgNUCM , r0251),'-"); hold on;
text(0.5,3.5,"' 1st node');

yl abel ("\theta_172"'); xlabel ("r'); grid minor;

subpl ot (3,1, 2);

pl ot (r 0251, pol yval(tetaZSqNUCM r0251),'-'); hold on;
text (0.5, 23,'2nd node');

yl abel (' \theta 272" )5 grid m nor ;

subplot(3,1,1);

| ot (r0251, poI yval(tetaSSqNUCM r0251),"'-'); hold on;
text(0.5,63,'3rd node');title(’ Fi gure-17');

yl abel (' \theta_3"2'); grid m nor;

hol d of f;

clear nfl7_teta*sq xnfl7_teta*sq snfl7_teta*sq vfl7_teta*sq

% Fi gure-18
nf18_KO1 = [ 12.75 13.05 13.35 13.60 13.90 14.15 14.45 14,70 14.95 15.15
15.40 ...
15.60 15.80 16.05 16.25 16.45 16.55 16.75 16.85 16.95
17. 05
17.15 17.20 17.25 17.25 17.25].";%
nf18_ K02 = [ 2.85 3.55 4.25 4.95 5. 65 6.35 7.10 7.85 8. 60 9.30
10.10 ...

10. 85 11. 65 12. 40 13. 20 14. 00 14. 85 15. 65 16. 55 17. 40
18. 30
19. 20 20. 15 21.10 22.15 23.20 ].
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nf18_KO03 = [ 1.50 2.15 2.90 3.60 4.35 5. 05 5. 80 6. 55 7.25 8. 00
8.70 L
9.45 10. 15 10. 85 11. 60 12. 35 13. 05 13.75 14. 45 15.15

15. 75
16. 45 17. 05 17.70 18. 30 18.90 ]."'; %

xnf18 KO1 = 0.02 ./ [19.80 .* ones(1,26)]."'; 9% 26x1)
snf18 K01 = 1.18;
xnf18_ K02 = 15 ./ [29.70:-0.05/25:29.65]."; 9% 26x1)
snf 18 K02 = 5;
xnf18 KO3 = 40 ./ [19.65 .* ones(1,26)]."'; 9% 26x1)
snf 18_K03 = 15;
vi18_KO01 = nf18_KO1 .* xnf18_ K01 + snf18_KO01; % 26x1)
vf18 K02 = nf18 K02 .* xnf18 K02 + snf18_KO02; % 26x1)
vf18_K03 = nf18_ K03 .* xnf18_K03 + snf18_KO03; % 26x1)
KOONUCM = ;

I

%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Qut put Qut pu

t Qut put Qut put Qut pu
KOINUCM = pol yfit(r0126, vf18_K01, 8);

%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO2NUCM = pol yfit(r0126, vf18_K02, 8) ;

%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO3NUCM = pol yfit(r0126, vf 18_KO03, 8);

%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

figure;

subpl ot (3,1, 3);

pl ot (r 0151, pol yval (KOINUCM , r 0151),"'-"); hold on;
text(0.5,1.198,' 1st node');

ylabel (" K 0_1'); xlabel ('r'); grid minor;

subpl ot (3,1, 2);

pl ot (r 0151, pol yval (KO2NUCM , r 0151),"'-"); hold on;
text(0.5,18,'2nd node');

yl abel (* K 0_2'); grid mnor;

subplot(3,1,1);

pl ot (r 0151, pol yval (KO3NUCM , r0151),"'-"); hold on;
text(0.5,50,"'3rd node');title(' Figure-18");
ylabel (' K 0_3"); grid mnor;

hol d of f;

clear nf18_KO* xnf18_KO* snf18_KO* vf18_KO*
% NONROTATI NG UNI FORM HI NGED BEAMS W TH A MASS AT THE TI P:

% Fi gure-19

nfl19 tetalsq = [ 25.60 21.00 17.55 15. 45 13. 65 12.15 10. 75 9.70 8. 85
8.15 7.60 C
7.05 6. 60 6. 15 5. 80 5.45 5.15 4.90 4. 65
4.40 4. 25 ..
4. 05 3.85 3.70 3.55 3.40 3.25 3.10 3.00
2.90 2.80 ..
2.70 2.60 2.50 2.40 2.30 2.25 2.15 2.05
2.00 1.95 ..
1.85 1.85 1.80 1.75 1.65 1.60 1.55 1.55
1.50 1.45 1.";
nfl19 teta2sq = [ 24.70 20.90 17.70 15. 40 13. 40 11. 75 10. 65 9.90 9. 30
8. 90 8. 60 L
8. 30 8.10 7.90 7.75 7.60 7.45 7.35 7.25
7.10 7.00 ..
6. 90 6. 80 6.75 6.70 6. 60 6. 50 6. 45 6. 35
6. 30 6. 25 ..
6. 20 6. 15 6. 10 6. 05 6. 00 6. 00 5.95 5.95
5.90 5.90 ..
5.85 5.85 5.85 5. 80 5. 80 5. 80 5. 80 5. 80
5. 80 5.80 1.";
nf19 teta3sq = [ 16.30 12.15 10. 25 8. 80 7.75 6. 90 6. 35 6. 00 5.70
5.45 5.20 e
5.05 4.90 4.75 4. 65 4. 60 4. 55 4.50 4. 45
4.40 4. 35 ..
4. 30 4,25 4,25 4. 20 4.15 4.10 4. 05 4. 00
3.95 3.95 ..
3.90 3.90 3.85 3.85 3.80 3.80 3.75 3.75
3.75 3.70 ..
3.70 3.70 3.70 3.70 3.70 3. 65 3. 65 3. 65
3. 65 3.65].";
xnf19 tetalsq = 6 ./ [[28.75:0.05/25: 28.80] [28.798:-0.048/24:28.750]]."; 9%51x1)
snf 19 tetalsq = 10;
xnf19 teta2sq = 15 ./ [[28.80 .* ones(1,40)] [28.80:-0.05/10:28.75]]."; %51x1)
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snf 19_t et a2sq
xnf 19 _teta3sq
snf 19 teta3sq
vf1l9 tetalsq
vf1l9 teta2sq
vi19 teta3sq
tetaOsqNUHM =

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Qut put Qut pu

t Qut put Qut put Qut put Qu
tetalsqNUHM = pol yfit(r0251, vf19_tetalsq, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put
teta2sqNUHM = pol yfit(r0251, vf19 teta2sq, 8);

%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
teta3sqNUHM = pol yfit(r0251, vf19_teta3sq, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

37;
20 ./ [17.20 .* ones(1,51)]."'; 9%51x1)
5

m‘l@_t etalsqg .* xnfl19_tetalsq + snf1l9_tetalsq; % 51x1)
nf19 teta2sq .* xnfl9 teta2sq + snfl19_teta2sq; % 51x1)
nf19 teta3sq .* xnfl9 teta3sq + snfl9 teta3dsq; %51x1)

L

figure;

subpl ot (3,1, 3);

pl ot (r 0251, pol yval (tetalsgNUHM ,r0251),"'-'); hold on;
text (0.5, 15,"' 1st node');

yl abel (‘\theta_172'); xlabel ('r'); grid mnor;

subpl ot (3,1, 2);

pl ot (r 0251, poI yval (teta2sgNUHM , r0251),'-"); hold on;
text (0.5, 48 '2nd node');

yl abel (' \theta 272", grld m nor ;

subpl ot (3,1

pl ot (r 0251, pol yval(tet a3sgNUHM , r0251),"'-"'); hol d on;
text(0.5,103,'3rd node');title(’ Flgure 19 )

yl abel ("\t heta 372'); grld m nor ;

hol d of f;

clear nf19 teta*sq xnf19 teta*sq snfl1l9 teta*sq vfl9 teta*sq

% Fi gur e- 20
nf20_KO1 = [ 1.55 2.10 2.70 3.35 4.05 4.85 5. 65 6.45 7.25 8.10
8.95 .
9.90 10.75 11.65 12.50 13.40 14.30 15.20 16.05 16.95
17.80
18.70 19.55 20.45 21.35 22.15].";%
nf20_K02 = [ 0.75 1.50 2.25 3.05 3.85 4.65 5. 50 6.35 7.20 8.10
8.95 .

9.80 10. 70 11.55 12. 40 13. 30 14. 20 15.10 15. 95 16. 85
17.70
18. 60 19. 50 20. 40 21. 20 22.10 1."; %
nf20_KO3 = [ 1.10 1.80 2.50 3.20 3.95 4.70 5. 45 6. 25 7.00 7.75
8. 50 R

9. 30 10. 10 10. 90 11.70 12.50 13. 25 14. 05 14. 85 15. 60

16. 35
17. 15 17.90 18. 70 19. 50 20.251."; %

xnf20_KO1 = 20 ./ [22.45:-0.10/25:22.35]."; 9% 26x1)
snf20_KO01 = 5;
xnf20_KO2 = 80 ./ [22.45 .* ones(1,26)]."'; 9% 26x1)
snf20_K02 = 15;
xnf 20_K03 = 200 .1 [[22.300:-0.045/18:22.255] [22.252:-0.102/6:22.150]]."; % 26x1)
snf20_KO03 =
vf20_KO01 = m‘20 KO1 .* xnf20_KO1 + snf20_KO1; 9% 26x1)
vi20_K02 = nf20_K02 .* xnf20_K02 + snf20_K02; % 26x1)
vf20_KO3 = nf20_KO03 .* xnf20_KO03 + snf20_KO03; 9% 26x1)
KOONUHM =

1,
%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut pu
t Qut put Qut pu
KOINUHM = pol yfit(r0226, vf20_K01, 8);
%Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO2NUHM = pol yfit(r0226, vf 20_K02, 8) ;
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
KO3NUHM = pol yfit(r0226, vf 20_KO03, 8);
%0ut put Qut put Cut put CQut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put

figure;

subpl ot (3,1, 3);

pl ot (r 0251, pol yval (KOINUHM , r 0251),'-"); hold on;
text (0.5, 23,' 1st node');

ylabel (" K 0_1'); xlabel ('r'); grid mnor;

subpl ot (3,1,2);

pl ot (r 0251, poI yvaI (KO2NUHM , r 0251),"-"); hol d on;
text (0.5, 85,'2nd node');

yl abel (' K 0_2'); grid m nor;

subplot(3,1,1);
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pl ot (r 0251, pol yval (KO3NUHM , r 0251),'-"); hold on;
text(0.5,210,'3rd node');title(' Figure-20");

yl abel (' K 0_3");

hol d off;

cl ear nf20_KO* xnf20_KO* snf20_KO* vf20_KO*

% Fi gure-21

grid mnor;

nf21_Kh10_r000 = [ 55.10 51.70 48.65 46.15 43.95 41.95 40.10 38.60
36. 25 35.25 C
34.40 33.65 33.00 32.35 31.80 31.25 30.75
29.90 29.50
29.15 28. 80 28. 45 28.10 27.95 1."; %
nf21_Kh10_r002 = [ 44.40 42.25 40.40 38.85 37.50 36.30 35.15 34.25
32.70 32.00 ..
31. 40 30. 85 30. 30 29. 80 29. 40 28. 90 28.50
27.80 27.45
27.15 26. 80 26. 55 26. 30 26.151."; %
nf21 Kh10_r005 = [ 34.65 33.50 32.50 31.65 30. 85 30. 20 29 55 29. 00
28.05 27.65 o
27.25 26.90 26. 55 26. 20 25.95 25. 65 25.40
25. 00 24. 80
24.70 24.50 24. 45 24. 35 24.251." ;%
nf21_Kh10_r010 = [ 25.30 24.90 24.55 24. 25 24. 05 23.80 23.55 23.40
23.10 22.95 C
22.80 22.65 22.55 22.35 22.25 22.10 21.95
21.80 21.75
21.70 21.55 21.55 21.55 21.50 1.";%
nf21 Kh10_r025 = [ 13.80 13.90 14. 05 14. 20 14. 35 14. 45 14.50 14. 60
14. 80 14.90 ..
15. 00 15. 10 15. 15 15. 20 15. 30 15. 35 15. 45
15.55 15. 65
15. 75 15. 80 15. 85 15. 90 15.951."; %
nf21 _Kh10_r050 = [ 7.95 8. 05 8. 20 8.35 8.50 8. 65 8. 80 8. 95
9. 30 9.45
9.55 9.70 9. 80 9.90 10. 00 10. 10 10. 25
10. 40 10. 50
10. 65 10.70 10. 85 10. 95 11.051.";%
nf21_Kh10_r100 = [ 4.15 4. 30 4. 40 4.55 4.70 4. 80 4 95 5.05
5.35 5.50 C
5. 60 5.75 5. 80 5. 85 5.95 6. 00 6. 00
6. 15 6. 25
6. 30 6. 40 6. 55 6. 65 6.75 1. ;%
nf21_Kh10 r150 = [ 2.65 2.75 2.90 3.00 3.15 3.25 3.35 3.45
3.60 3.65 ..
3.75 3.85 3.90 4. 00 4.10 4. 15 4. 25
4. 40 4.50
4.55 4. 60 4.70 4. 80 4.851.";%
xmf21 =1 ./ [54.40 .* ones(1,26)]."'; 9%26x1)
snf2l = 1;
vf21 Kh10_r000 = nf21 _Kh10_r000 .* xnf21 + snf21; % 26x1)
vf21_Kh10_r002 = nf21_Kh10_r002 .* xnf21 + snf21; 9% 26x1)
vi21_Kh10_r005 = nf21_Kh10_r005 .* xnf21 + snf21; % 26x1)
vf21 Kh10 r010 = nf21_Kh10_r010 .* xnf21 + snf21; 9% 26x1)
vf21 _Kh10 r025 = nf21_Kh10_r025 .* xnf2l1 + snf21; 9% 26x1)
vf21_Kh10_r050 = nf21_Kh10_r050 .* xnf21 + snf21; % 26x1)
vf21_Kh10_r100 = nf21_Kh10_r100 .* xnf21 + snf21; 9% 26x1)
vf21_Kh10_r150 = nf21_Kh10_r150 .* xnf21 + snf21; 9% 26x1)
Kh10r 000 = pol yfit(r0126, vf21l Kth r000, 8);

O/O.It put Qut put Qut put Qut put ( Qut put Qut put aut put Qut put Qut put Qut put Qut put Qut put
Kh10r 002 = polyfit(r0126, vf21_Kh10 r002, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Qut put Qut put Qut put Qut put
Kh10r 005 = pol yfit(r0126, vf21_Kh10_r 005, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put
Kh10r 010 = pol yfit(r0126, vf21_Kh10_rO010, 8);

%0ut put Qut put Cut put Cut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put Cut put
Kh10r 025 = pol yfit(r0126, vf21_Kh10 r025, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
Kh10r 050 = pol yfit(r0126, vf21_Kh10_r 050, 8);

%0ut put Qut put Qut put Qut put t Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put
Kh10r 100 = pol yfit(r0126, vf21_Kh10_r100, 8);

%0ut put Qut put Cut put Qut put Qut put Qut put aut put Qut put Qut put Qut put Qut put Qut put
Kh10r 150 = pol yfit(r0126, vf21_Kh10 r150, 8);

%0ut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Qut put Cut put

figure;

pl ot (r 0126, pol yval (Kh10r 000, r0126),"'-"); hold on;
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pl ot (r 0126, pol yval (Kh10r 002, r 0126), ' -"'
pl ot (r 0126, pol yval (Kh10r 005, r0126), "' -"'
pl ot (r 0126, pol yval (Kh10r 010, r0126), "' -"'
pl ot (r 0126, pol yval (Kh10r 025, r0126), ' -"'
pl ot (r 0126, pol yval (Kh10r 050, r 0126), "' -"'
pl ot (r 0126, pol yval (Kh10r 100, r 0126), "' -"'
pl ot (r0126, poI yvaI (Kh10r 150,r0126), "' -"
text (0. 2, 1.9 ,
text(0.2,1.78, '0. 0')
. 67, '.02")
.56,"'.05")
.45, .10")
)
)

; hol d on;
hol d on;
hol d on;
hol d on;
hol d on;
hol d on;
hol d on;

— e

1

1

1
1.28,'.25'
,1.18,'.50'
1.11,' 1 00');

1.03,'1.50");

Kh_1_0"); xIabeI(mt/mO) grid mnor;
title(' Flgure 21)
hol d of f;

clear nf21 _KhlO_r*
clear vf21_Khl0 r*
cl ear xnf21 snf21

%
clear r01* ro02*

C. MATLAB® CODE FOR YNTEMOSHCOEFM WITH PLOT
STATEMENTS

%'NTEMOSHCOEF. M This file generates the polynonial coefficients for the node results of
some characteristic

% nonrotating hinged/cantil ever beans with |inear mass and stiffness distibutions and
zero hinge offset.

%Al results are fromthe Yntema Report Table Il & IV.

% Run this file in a cleared workspace and save the workspace as YNTEMOSHCOEF. MAT whi ch
is to be used in

?YN‘I’EN[BHNR. M function for the determ nati on of node shapes of corresponding rotating
eans.

%

% -- 1Lt.H E. AKIN, Turkish Arny, Naval Postgraduate School, Mnterey, CA USA

% -- Master of Science in Aeronautical Enginering (Avionics) Thesis, SEP2002

O

sttnCl = [0.0:1:10]." ./ 10; 9%11x1)

sttnC2 = [0.5:1:9.5]." ./ 10; 9% 10x1)

sttnHL = [0.0:1:15]."' ./ 15; 9% 16x1)

stth2 = [0.5:1:14.5]." ./ 15; 9%15x1)

xx = [0:0.01:1];

% TABLE-111  CANTI LEVER

DR e
%1 m=mO0 & El = El _O0: (exact sol ution)

t3nElyl = [0.0000 0.0168 0.0639 0.1365 0.2299 0.3395 0.4611 0.5959 0.7255
0.8624 1.0000].";
t3nElyld = [0.0000 0.3274 0.6065 0.8378 1.0226 1.1631 1.2627 1.3266 1.3612
1.3745 1.3765].";
t3nElyldd = [3.5160 3.0332 2.5508 2.0775 1.6214 1.1938 0.8083 0.4799 0.2246
0.0590 0.0000].";
t3nEly2 = [0.0000 -.0926 -.3011 -.5261 -.6835 -.7137 -.5895 -.3171 0.0700

t3nEly2d = [0. OOOb -1.6776 -2.3240 -2.0351 -1.0114 0.4531 2.0194 3.3709 4.2876

t3nEIy2dd =[- 22. 0345 -11 5406 -1.5432 6.9860 12.9888 15.7253 15.0599 11.5931
6.6336 2.0411 0.0000].

t3nEly3 = [0. 0000 0.2281 0.6045 0.7562 0.5259 0.0197 -.4738 -.6574 -.3949
0.2285 1.0000].";

t3nEly3d = [O0. 0000 3.7655 3.1181 -.3551 -4.0599 -5.5520 -3.7912 0.3568 4.7354
7.3385 7. 8487]

t 3nEl y3dd = [61. 6972 14. 0984 -24.3627 -40.5613 -29.2300 1.2145 32.4481 46.6579
37.2963 14.0713 0.0000].

CnElyl = pol yfit(sttnCl,tSrrEIyl, 8);

CnElyld = pol yfit(sttnCl,t3nElyld, 8);

CnEl yldd = pol yfit(sttnCl,t3nElyldd, 8);
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CnEly2 = pol yfit
CnEl y2d = pol yfi
CnEl y2dd = pol yf
CnEl y3 = pol yfit
CnEl y3d = pol yfi
CnEl y3dd = pol yf

tnCl, t 3nEl y2, 8);
ttnCl, t 3nEl y2d, 8) ;
sttnCl, t 3nEl y2dd, 8) ;
tnCl, t 3nEl y3, 8);
ttnCl, t 3nEl y3d, 8) ;
sttnCl, t 3nEl y3dd, 8) ;

o~ — o~

e~ ~~WU
~Y A~

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (CnEl y1, xx), "' b-',"linewidth', 2);
pl ot (xx, pol yval (CnEl y1d, xx), ' b-.","linewidth', 2);
pl ot (xx, pol yval (CnEl yldd, xx), ' b:","linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title("CANTILEVER m= mO0 & El = El _O: (exact solution)');
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (CnEly2, xx),"'r-',"linewidth', 2);
pl ot (xx, pol yval (CnEly2d, xx),'r-.","linewidth', 2);
pl ot (xx, pol yval (CnEl y2dd, xx),'r:","linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (CnEly3, xx),' m',"'linewidth', 2);
pl ot (xx, pol yval (CnEl y3d, xx), ' m.", "' linewidth', 2);
pl ot (xx, pol yval (CnEl y3dd, xx), ' m"',"linewidth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t3nEly*
%2 m=mO0 & El = El _0(1-xhat/2):

t 3nEl x2y1 = [ 0. 0000 0.0151 0.0582 0.1263 0.2159 0.3234 0.4450 0.5769 0.7154
0.8572 1.0000]."':

t3nElx2yld = [0.1508  0.4312 0.6807 0.8962 1.0753 1.2163 1.3189 1.3847 1.4182
1.4278]."; %

t3nEl x2yldd = [3.0852 2.8044 2.4942 2.1551 1.7910 1.4102 1.0259 0.6580 O0.3350
0.0967 0.0000].";

t 3nEl x2y2 = [ 0. 0000 -.0778 -.2612 -.4723 -.6361 -.6907 -.5971 -.3470 0.0355
0.5022 1.0000].":

t3nElx2y2d = [-.7779  -1.8336 -2.1111 -1.6386 -.5456 .9362 2.5002 3.8252 4.6675
4.9778]."; %

t 3nEl x2y2dd = [-17.9825 -10.5955 -2.7533 4.8322 11.1252 15.0784 15.9132 13.4617
8.4741 2.8758 0.0000].";

t 3nEl x2y3 = [ 0. 0000 0.1871 0.5246 0.7053 0.5543 0.1097 -.3927 -.6432 -.4394
0.1846 1.0000].";

t 3nEl x2y3d = [1.8715 3.3746 1.8048 -1.5083 -4.4456 -5.0240 -2.5050 2.0377 6.2401
8.1542]." ;%

t 3nEl x2y3dd = [49.0088 14.8158 -16.8271 -34.9664 -31.1090 -6.4431 26.1221 47.5240
43.8272 18.6063 0.0000].";

CnEl x2y1 = pol yfit(sttnCl, t 3nEl x2y1, 8);

CnEl x2y1d = pol yfit(sttnC2,t3nEl x2yld, 8);

CnEl x2yldd = pol yfit(sttnCl,t3nEl x2yldd, 8);

CEl x2y2 = pol yfit(sttnCl, t3nEl x2y2, 8);

CnEl x2y2d = pol yfit(sttnC2,t3nEl x2y2d, 8);
CnEl x2y2dd = pol yfit(sttnCl, t3nEl x2y2dd, 8);
CEl x2y3 = pol yfit(sttnCl, t 3nEl x2y3, 8);

CnEl x2y3d = pol yfit(sttnC2,t3nEl x2y3d, 8);
CnEl x2y3dd = pol yfit(sttnCl,t3nEl x2y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (CnEl x2y1, xx), "' b-","linewi dth', 2);
pl ot (xx, pol yval (CnEl x2y1d, xx)," ' b-.","'linewi dth', 2);
pl ot (xx, pol yval (CnEl x2y1ldd, xx), " b: "', ' linewi dth', 2);

grid mnor;

I egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title('"CANTILEVER m= mO & EI = El_0O(1l-xhat/2):');
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (CnEl x2y2, xx),"'r-","linewidth', 2);
pl ot (xx, pol yval (CnEl x2y2d, xx),'r-.","'linewi dth', 2);
pl ot (xx, pol yval (CnEl x2y2dd, xx),"'r:"','linew dth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (CnEl x2y3, xx), ' m"',"'linewi dth', 2);
pl ot (xx, pol yval (CnEl x2y3d, xx), ' m."','linewi dth', 2);
pl ot (xx, pol yval (CnEl x2y3dd, xx), ' m"','linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);
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cl ear t3nElx2y*
%3 m=mO0 & E = El_0(1-xhat):

t3nEl xyl = [0. 0000 0.0125 0.0491 0.1088 0.1900
0.8417  1.0000]." :

t3nEl xyld = [0. 1247 0.3667 0.5966 0.8117 1.0088
1.5829]."; %

t3nEl xyldd = [2.5176 2.4201 2.2996 2.1512 1.9705

0.4513 0.0000].";

t3nEl xy2 = [0. 0000 -.0518 -.1818 -.3471 -.4989
0.4244 1.0000].";
t3nEl xy2d = [-.5178 -1.3001 -1.6530 -1.5179 -.8741

5.7561]. " %

t3nEl xy2dd = [-11.4951 -7.8970 -3.5774 1.3316 6.4680

9.7945 0.0000].";

0

. 2908
. 1841
. 7531
. 5863
2412

0. 4093
1. 3337
1. 4955
-.5622
1.7135

11. 2476 14.893

t 3nEl xy3 = [0. 0000 0.1079 0.3289 0.5018 0.4938 O
0.0240 1.0000].";

t 3nEl xy3d = [1.0789 2.2098 1.7288 -.0799 -2.3871
9.7602].'; %

t3nEl xy3dd = [26.4729 11.4265 -5.0368 -18. 7863 -24.1
33. 2025 54.9056 49.9675 0.0000].";

CnEl xyl = pol yfit(sttnCl,t3nEl xyl, 8);

CnEl xyld = pol yfit(sttnC2,t3nEl xyld, 8);

CnEl xyldd = pol yfit(sttnCl,t3nEl xyldd, 8);

CnEl xy2 = pol yfit(sttnCl,t3nEl xy2, 8);

CnEl xy2d = pol yfit(sttnC2,t3nEl xy2d, 8);

CnEl xy2dd = pol yfit(sttnCl,t3nEl xy2dd, 8);

CnEl xy3 = pol yfit(sttnCl,t3nEl xy3, 8);

CnEl xy3d = pol yfit(sttnC2,t3nEl xy3d, 8);

CnEl xy3dd = pol yfit(sttnCl,t3nEl xy3dd, 8);

figure; hold on;

subplot(1,3,1); hold on;

pl ot (xx, pol yval (CnEl xy1, xx), "' b-',"linewi dth', 2);

pl ot (xx, pol yval (CnEl xyld, xx), "' b-.","linew dth', 2);

pl ot (xx, pol yval (CnEl xyldd, xx),"b:"',"'linew dth', 2);

grid mnor;

I egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title(' CANTILEVER m= mO & EI = El_0O(1l-xhat):");
subplot(1,3,2); hold on;

pl ot (xx, pol yval (CnEl xy2, xx), " 'r-","linewidth', 2);

pl ot (xx, pol yval (CnEl xy2d, xx),"'r-.","'linew dth', 2);

pl ot (xx, pol yval (CnEl xy2dd, xx),"'r:"','linewi dth', 2);

grid mnor;

| egend(' MODE 2',' 1st Derivative','2nd Derivative',O0);
subplot(1,3,3); hold on;

pl ot (xx, pol yval (CnEl xy3, xx), ' m"', ' linewidth', 2);

pl ot (xx, pol yval (CnEl xy3d, xx), ' m.",'linew dth', 2);

pl ot (xx, pol yval (CnEl xy3dd, xx), ' m"','linew dth', 2);

grid mnor;

| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t3nEl xy*

%4 m= mO(1-xhat/2) & El = El_O:

t3mx2El yl = [0. 0000 0.0173 0.0654 0.1392 0.2336 O
0.8639 1.0000].";

t3nmx2El yld = [0.1733 0.4812 0.7375 0.9437 1.1020 1
1.3613].'; %

t3nx2El yldd = [3.5961 3.0782 2.5638 2.0614 1.5835 1
0. 0509 0.0000].";

t3nmx2El y2 = [0. 0000 -.0853 -.2738 -.4704 -.5968 -
0.5701 1.0000].";

t 3mx2El y2d = [-.8526 -1.8857 -1.9658 -1.2637 -.0501 1
4.2990]."; %

t 3nx2El y2dd = [-20.5149 -10.2793 -.6581 7.2497 12.40

5.2513 1.5298 0.0000].

t3nx2El y3 = [0. 0000 0.2031 0.5227 0.6145 0.3624

0.3018 1.0000].";

. 2551

-3.9249

585

. 3438
. 2164
. 1442
. 6018
. 3533
90 14
. 0993

-.1374

-16. 50

0. 4654
1.2922
0. 7580
-. 4665
2.6423
. 2921 13
-. 4960

t 3nx2El y3d = [ 2. 0307 3.1960 0.9179 -2.5205 -4.6174 -3.9663 -.8880

6.9825]."'; %

t 3nmx2El y3dd = [56.8179 10.7772 -24.7575 - 36. 5657
40. 3627 29.5511 10. 3404 0.0000].";

Cmx2El yl = pol yfit(sttnCl,t3mx2Elyl, 8);
Cmx2El yld = pol yfit(sttnC2,t3nx2Elyld, 8);
Cmx2El yldd = pol yfit(sttnCl,t3nx2El yldd, 8);
Cmx2Ely2 = pol yfit(sttnCl,t3mx2Ely2,8);
Cmx2El y2d = pol yfit(sttnC2,t3nx2El y2d, 8);
Cmx2El y2dd = pol yfit(sttnCl,t3nx2El y2dd, 8);
Cmx2El y3 = pol yfit(sttnCl,t3nmx2Ely3, 8);
Cmx2El y3d = pol yfit(sttnC2,t3nx2Ely3d, 8);

136

-22.1859

1

3

3 16.4929

97

3

. 5426
. 4531
. 1943
. 3908
. 3378
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. 5946
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Cmx2El y3dd = pol yfit(sttnCl,t3nx2El y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (Cnx2El y1, xx), "' b- I | new dth', 2);
pl ot (xx, pol yval (Cnx2El y1d, xx), ' "1i newi dt h’ 2)
pl ot (xx, pol yval (Cnx2El y1dd, xx), ' b: "linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title(' CANTILEVER m= mO(1l-xhat/2) & El = El_0:");
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (Cnx2El y2, xx),'r-","linewidth', 2);
pl ot (xx, pol yval (Cnx2El y2d, xx),'r-.","'linewidth', 2);
pl ot (xx, pol yval (Cnx2El y2dd, xx),"'r:"',"'linewi dth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (Cnx2El y3, xx), ' m"',"'linewidth', 2);
pl ot (xx, pol yval (Cnx2El y3d, xx), ' m."','linew dth', 2);
pl ot (xx, pol yval (Cnx2El y3dd, xx),'m"',"'linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t3nx2Ely*

%5 m= mO(1-xhat/2) & EI = ElI_0(1l-xhat/2):

t3nx2El x2y1 = [0.0000 0.0155 0.0595 0.1287 0.2194 0.3276 0.4493 0.5808 0.7183
0.8587 1.0000].";

t 3nx2El x2y1d = [0.1546 0.4404 0.6921 0.9068 1.0823 1.2180 1.3144 1.3748 1.4046
1.4129].'; %

t 3nmx2El x2yldd = [3.1688 2.8585 2.5168 2.1467 1.7557 1.3563 0.9647 0.6034 0.2979
0.0836 0.0000].";

t 3nx2El x2y2 = [0.0000 -.0722 -.2395 -.4259 -.5607 -.5889 -.4802 -.2337 0.1244
0.5502 1.0000].";

t 3nmx2El x2y2d = [-.7222 -1.6728 -1.8638 -1.3480 -.2821 1.0866 2.4651 3.5808 4.2586
4.4978]."; %

t 3nx2El x2y2dd = [-16. 8561 -9.5343 -1.8680 5.2897 10.8679 13.9363 14.0175 11.3083
6.7837 2.1918 0.0000].

t 3nx2El x2y3 = [0 0000 0.1686 0.4581 0.5817 0.4004 -.0162 -.4330 -.5851 -.3333
0.2605 1.0000].

t3nx2EIx2y3d = [1 6861 2.8950 1.2361 -1.8134 -4.1661 -4.1669 -1.5214 2.5189 5.9375

7.3951].': %
t3nx2El x2y3dd = [45.1241  11.7757 -17.8557  -32.3125  -24.9765  -.2658 27.5563
42.1923 35.4166 13.9636 0.0000].';9@?2?2222222227222222222722?1.0000].'; i corrected

Cmx2El x2y1 = pol yfit(sttnCl, t 3nx2El x2y1, 8);
Cmx2El x2y1d = pol yfit(sttnC2,t3nx2El x2y1d, 8) ;
Cmx2El x2y1dd = pol yfit(sttnCl,t3nk2El x2yldd, 8);
Cmx2El x2y2 = pol yfit(sttnCl, t 3nx2El x2y2, 8);
Cmx2El x2y2d = pol yfit(sttnC2,t3nx2El x2y2d, 8);
Cx2El x2y2dd = pol yfit(sttnCl,t 3nx2El x2y2dd, 8);
Cmx2El x2y3 = pol yfit(sttnCl, t 3nx2El x2y3, 8);
Cmx2El x2y3d = pol yfit(sttnC2,t3nx2El x2y3d, 8);
Cmx2El x2y3dd = pol yfit(sttnCl,t3nx2El x2y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (Cnx2El x2y1, xx),"b-"','linewi dth', 2);
pl ot (xx, pol yval (Cnx2El x2y1d, xx),"b-."',"linewidth', 2);
pl ot (xx, pol yval (Cnx2El x2y1dd, xx), ' b:',"linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);

title(" CANTILEVER m = m_O(l—xhat/Z) & El = E 0(1 xhat/2) ")
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (Cnx2El x2y2, xx),"'r-"',"'linewi dth', 2);
pl ot (xx, pol yval (Cnx2El x2y2d, xx),"'r-.","linewidth', 2);
pl ot (xx, pol yval (Cnx2El x2y2dd, xx), 'r:',"linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subplot(1,3,3); hold on;

pl ot (xx, pol yval ( Cnx2El x2y3, xx), ' m' ! | inewidth', 2);
pl ot (xx, pol yval ( Cnx2El x2y3d, xx) , ,linewidth', 2);
pl ot (xx, pol yval ( Cn2El x2y3dd, xx) ,'"linewidth', 2);

grid mnor;
Iegend('l\/ODES','lst Derivative','2nd Derivative',0);

cl ear t3nx2El x2y*

%6 m= mO(1-xhat/2) & EI = El_0(1l-xhat):

t 3mx2El xy1l = [0. 0000 0.0128 0.0505 0.1115 0.1940 0.2960 0.4150 0.5482 0.6924
0.8443 1.0000].";
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t3nx2El xyld = [0.1284 0.3764 0.6098 0.8255 1.0200 1.1899 1.3318 1.4423 1.5184
1.5575]."; %

t 3nmx2El xyldd = [2.5984 2.4797 2.3338 2.1566 1.9455 1.6994 1.4185 1.1048 0.7609
0.3911 0.0000].";

t 3mx2El xy2 = [ 0. 0000 -.0491 -.1706 -.3206 -.4511 -.5143 -.4692 -.2887 0.0339
0.4796 1.0000].";

t3nmx2El xy2d = [-.4911 -1.2146 -1.5002 -1.3046 -.6320 0.4505 1.8050 3.2265 4.4562
5.2043]."; %

t 3mx2El xy2dd = [-11.0011 -7.2927 -2.8931 1.9575 6.7820 10.9396 13.7170 14.4325
12.5408 7.7223 0.0000].";

t 3mx2El xy3 = [ 0. 0000 0.1010 0.2992 0.4352 0.3901 0.1398 -.2167 -.4771 -.4135
0.1077 1.0000].";

t3nmx2El xy3d = [0 1.0099 1.9826 1.3592 -1.4506 -2.5029 -3.5647 -2.6041 0.6360 5.2112
8.9234]."'; %9 added by ne!

t 3mx2El xy3dd = [ 25.2707 9.7964 -6.5750 -18.9042 -21.5881 -11.5213 9. 3586
33. 1815 47.5995 39.7770 0.0000].";

Cmx2El xy1l = pol yfit(sttnCl,t3nx2El xyl, 8);

Cmx2El xyld = pol yfit(sttnC2,t3nx2El xyld, 8);

Cmx2El xyldd = pol yfit(sttnCl,t3nx2El xyldd, 8);

Cmx2El xy2 = pol yfit(sttnCl,t3nx2El xy2, 8);

Cmx2El xy2d = pol yfit(sttnC2,t3nx2El xy2d, 8);

Cmx2El xy2dd = pol yfit(sttnCl,t3nx2El xy2dd, 8);

Cmx2El xy3 = pol yfit(sttnCl,t3nx2El xy3, 8);

Cmx2El xy3d = pol yfit([0;sttnC2],t3nmk2El xy3d, 8);

Cmx2El xy3dd = pol yfit(sttnCl,t3nx2El xy3dd, 8);

figure; hold on;
subpl ot (1,3,1); hold on;

pl ot (xx, pol yval (Cnx2El xy1, xx),"b-","linew dth', 2);
pl ot (xx, pol yval (Cnx2El xy1d, xx),"b-."',"linewidth', 2);
pl ot (xx, pol yval (Cnx2El xyldd, xx), " b:',"linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);

title(' CANTILEVER m= mO(1l-xhat/2) & El = El_0(1-xhat):");
subpl ot (1, 3,2); hold on;

pl ot (xx, pol yval (Cnx2El xy2, xx),"'r-"',"'linewi dth', 2);
pl ot (xx, pol yval (Cnx2El xy2d, xx),"'r-.","linewidth', 2);
pl ot (xx, pol yval (Cnx2El xy2dd, xx),"'r:"',"linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (Cnx2El xy3, xx), ' m"','linew dth', 2);
pl ot (xx, pol yval (Cnx2El xy3d, xx),' m."',"linewidth', 2);
pl ot (xx, pol yval (Cn2El xy3dd, xx),'m "', ' linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t3nmx2El xy*
%7 m= mO(1-xhat) & El = El_O:

t3nxElyl = [0. 0000 0.0194 0.0722 0.1515 0.2506 0.3636 0.4853 0.6120 0.7408
0.8704 1.0000].";

t3nxEl yld = [0. 1939 0.5284 0.7929 0.9911 1.1294 1.2175 1.2665 1.2887 1.2955
1.2962]." ;%

t 3nxEl yldd = [ 4. 0558 3.3450 2.6451 1.9813 1.3838 0.8803 0.4904 0.2218 0.0680
0.0068 0.0000].";

t3nxEl y2 = [0. 0000 -.0607 -.1842 -.2908 -.3237 ~-.2570 -.0946 0.1394 0.4144
0. 7056 1.0000].";

t3nxEly2d = [-. 6069 -1.2348 -1.0659 -.3292 0.6672 1.6238 2.3397 2.7503 2.9121
2.9437]." ;%

t3nxEl y2dd = [-15.2162 -6.2023 1.8823 7.6453 10.2183 9.7358 7.2110 4.0543 1.5122
0.2282 0.0000].";

t 3nxEl y3 = [ 0. 0000 0.1174 0.2666 0.2375 0.0253 -.2135 -.3018 -.1633 0.1591
0.5699 1.0000].";

t3nxEly3d = [1. 1740 1.4916 -.2901 -2.1229 -2.3870 -.8834 1.3851 3.2238 4.1081
4.3010]."; %

t 3nxEl y3dd = [ 35. 5410 2.2191 -19.6272 -19. 7496 -2.7888 15.9480 23. 7445 18.8323

8.5833 1.4574 0.0000].";

CmxElyl = pol yfit(sttnCl,t3nxElyl, 8);
CmxEl yld = pol yfit(sttnC2,t3nxElyld, 8);
CnxEl yldd = pol yfit(sttnCl,t3nxElyldd, 8);
CmxEly2 = pol yfit(sttnCl,t3nxEly2,8);
CmxEly2d = pol yfit(sttnC2,t3nmxEly2d, 8);
CnxEl y2dd = pol yfit(sttnCl, t3nxEl y2dd, 8);
CxEl y3 = pol yfit(sttnCl,t3nxEly3, 8);
CmxEl y3d = pol yfit(sttnC2,t3nmxEly3d, 8);
CnxEl y3dd = pol yfit(sttnCl,t3nxEly3dd, 8);

—— o~ o~
e~~~

figure; hold on;
subplot(1,3,1); hold on;
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pl ot (xx, pol yval (CnxEl y1, xx), "' b-","linewidth', 2);

pl ot (xx, pol yval (CnxEl y1d, xx), "' b-.","linew dth', 2);

pl ot (xx, pol yval (CnxEl y1dd, xx), "' b:"','linew dth', 2);
grid mnor;

I egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title(' CANTILEVER m= mO(1l-xhat) & E = E _0:");
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (CnxEly2, xx),"'r-","linewidth', 2);
pl ot (xx, pol yval (CnxEl y2d, xx), " 'r-.","'linewi dth', 2);
pl ot (xx, pol yval (CnxEl y2dd, xx),"'r:"',"'linew dth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (CnxEly3, xx), ' m"','linewidth', 2);
pl ot (xx, pol yval (CnxEl y3d, xx), ' m."','linew dth', 2);
pl ot (xx, pol yval (CnxEl y3dd, xx),' ' m"',"'linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t3nxEly*

%8 m= mO(1-xhat) & ElI = El_0(1-xhat/2):

t 3nxEl x2y1 = [ 0. 0000 0.0175 0.0666 0.1419 0.2383 0.3502 0.4728 0.6017 0.7338
0.8668 1.0000].";

t3nxEl x2yld = [0.1752  0.4903 0.7539 0.9635 1.1195 1.2257 1.2893 1.3203 1.3307
1.3318].";%

t 3nxEl x2yldd = [3.6228 3.1505 2.6356 2.0961 1.5602 1.0620 0.6358 0.3106 0.1034
0.0113 0.0000].";

t 3nxEl x2y2 = [ 0. 0000 -.0521 -.1636 -.2680 -.3109 -.2604 -.1118 0.1170 0.3955
0.6955 1.0000].";

t3nxEl x2y2d = [-.5212 -1.1148 -1.0442 -.4288 .5049 1.4867 2.2874 2.7856 2.9997
3.0448]." ;%

t 3nxEl x2y2dd = [-12. 6640 -5.9369 0.8058 6.3475 9.5678 10.0140 8.1088 4.9844
2.0367 0.3379 0.0000].";

t 3nxEl x2y3 = [ 0. 0000 0.0990 0.2389 0.2357 0.0566 -.1781 -.2941 -.1865 0.1270
0.5504 1.0000].";

t 3nxEl x2y3d = [0.9900 1.3986 -.0314 -1.7917 -2.3466 -1.1598 1.0759 3.1346 4.2345
4.4958]." ;%

t 3nxEl x2y3dd = [28.6145 3.6038 -15.6241 -18.9598 -6.0124 12.4980 23.4526 21.2750
10. 8683 2.0489 0.0000].";

CxEl x2y1 = pol yfit(sttnCl, t3nxEl x2y1, 8);

CxEl x2y1d = pol yfit(sttnC2,t3nxEl x2yld, 8);

CmxEl x2yldd = pol yfit(sttnCl,t3nxEl x2yldd, 8);

CxEl x2y2 = pol yfit(sttnCl,t3nxEl x2y2, 8);

CxEl x2y2d = pol yfit(sttnC2,t3nxEl x2y2d, 8);
CmxEl x2y2dd = pol yfit(sttnCl,t3nxEl x2y2dd, 8);
CxEl x2y3 = pol yfit(sttnCl, t 3nxEl x2y3, 8);
CxEl x2y3d = pol yfit(sttnC2,t3nxEl x2y3d, 8);
CxEl x2y3dd = pol yfit(sttnCl,t3nxEl x2y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (CnxEl x2y1, xx), " b-","'linew dth', 2);
pl ot (xx, pol yval (CnxEl x2y1d, xx),"b-.","linewidth', 2);
pl ot (xx, pol yval (CnxEl x2y1dd, xx), " b:',"'linewidth', 2);

grid mnor;

I egend(' MODE 1',' 1st Derivative','2nd Derivative',0);

title(' CANTILEVER m= mO(1l-xhat) & El = El _0(1-xhat/2):');
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (CnxEl x2y2, xx),"'r-"',"'linew dth', 2);
pl ot (xx, pol yval (CnxEl x2y2d, xx),"'r-."',"linewidth', 2);
pl ot (xx, pol yval (CnxEl x2y2dd, xx),"'r:"',"linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (CnxEl x2y3, xx), ' m"',"'linew dth', 2);
pl ot (xx, pol yval (CnxEl x2y3d, xx),' m."',"'linewidth', 2);
pl ot (xx, pol yval (CnxEl x2y3dd, xx)," ' m"',"'linewi dth', 2);
grid mnor;

| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t3nxEl x2y*

%9 m= mO(1-xhat) & EI = El_0(1-xhat):

t 3nxEl xyl = [ 0. 0000 0.0151 0.0584 0.1271 0.2176 0.3261 0.4484 0.5804 0.7182
0.8589 1.0000].";

t 3nxEl xyld = [0. 1507 0.4337 0.6869 0.9052 1.0846 1.2227 1.3198 1.3788 1.4061

1.4116]."; %
t3nkEl xyldd = [3.0750 2.8299 2.5321 2.1832 1.7937 1.3813 0.9705 0.5903 O0.2735
0.0547 ~0.0000].'; %2?2?2?272222222222222221.0000]."; i corrected
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t 3mKEl xy2 = [0, 0000 -.0385 -.1266 -.2190
0.6657 1.0000].

t3nKEl xy2d = [-.3854 -.8801 -.9247 -.5297
3.3434]."; %

t 3nkEl xy2dd = [-8.9963 -4.9931 -

1.3128 ~0.0000]. " ;
t 3nXEl xy3 = [0. 0000
0.4861 ~1.0000]." ;

t3nxEl xy3d = [0.6710  1.0985 0.2793
5.1389]." ; %
t 3nxEl xy3dd = [18.1439 4.1930 -8.8006 - 14.5066

18.9564 6.8571 0.0000].";
CxEl xyl = pol yfit(sttnCl, t3nmxEl xyl, 8);
CnxEl xyld = pol yfit(sttnC2,t3nxEl xyld, 8);
CmxEl xyldd = pol yfit(sttnCl,t3nxEl xyldd, 8);
CxEl xy2 = pol yfit(sttnCl, t3nmxEl xy2, 8);
CnxEl xy2d = pol yfit(sttnC2,t3nxEl xy2d, 8);
CmxEl xy2dd = pol yfit(sttnCl, t3nxEl xy2dd, 8);
CxEl xy3 = pol yfit(sttnCl, t3nmxEl xy3, 8);

pol yfit(sttnC2,t3nxEl xy3d, 8);

it(

CnxEl xy3d =
CmxEl xy3dd = pol yfit(sttnCl,t3nxEl xy3dd, 8);
figure; hold on;

subplot(1,3,1); hold on;

-.2720
.2128 1.1393 2.0523 2.
4387 4.0280 7.5634 9.4334 09.2835
0.0671 0.1769 0.2049 0.0969
-1.0798 -1.9343 -1.4924 0.2725

-.2507 -.1368 0.0684 0.3458
7735 3.1987
7.3013 4.2407
-.0965 -.2458 -.2175 0.0451
2.6264 4.4100

-9.2434 4.3850 18.4222 24.3923

pl ot (xx, pol yval (CnxEl xy1, xx), ,'linewidth', 2);
pl ot (xx, pol yval ( CnxEl xy1d, xx), ,'linewidth', 2);
pl ot (xx, pol yval ( CnxEl xyldd, xx), ,'linewidth', 2);

grid mnor;

I egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title(' CANTILEVER m= mO(1l-xhat) & EI = El _0(1-xhat):"');
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval ( CnxEl xy2, xx), ,'linewidth', 2);

pl ot (xx, pol yval ( CnxEl xy2d, xx), ,'linewidth', 2);

pl ot (xx, pol yval ( CnxEl xy2dd, xx), ,'linewidth', 2);
grid mnor;

| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1,3,3); hold on;

pl ot (xx, pol yval ( CnxEl xy3, xx), ,'linewidth', 2);

pl ot (xx, pol yval ( CnxEl xy3d, xx), ,'linewidth', 2);

pl ot (xx, pol yval ( CnxEl xy3dd, xx), ,'linewidth', 2);
grid mnor;

| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);
cl ear t3nxEl xy*

%

figure; hold on;

pl ot (xx, pol yval (CnEl y1, xx), ,"linewidth', 2)

pl ot (xx, pol yval (CnEl x2y1, xx), "' b:","'linewi dth', 2);

pl ot (xx, pol yval (CnEl xy1, xx), ",'linewidth', 2);

pl ot (xx, pol yval (Cnx2Ely1,xx), ' m"',"'linewidth', 2);

pl ot (xx, pol yval ( Cnx2El x2y1, xx), ,'linewidth', 2);

pl ot (xx, pol yval (Cnx2El xy1, xx), ,linewidth', 2);

pl ot (xx, pol yval (CnxEl y1, xx), linewidth', 2);

pl ot (xx, pol yval ( CnxEl x2y1, xx), ,'linewidth', 2);

pl ot (xx, pol yval (CnxEl xy1, xx), ,linewidth',2); grid on;

title(' CANTI LEVER BEAM FI RST BENDI NG MODE COVPAR| SON: )

grid mnor;

legend('mr_o ot = mt_i_p &El _r_o ot =E_t_i_p', mr_oot=mt_i_p&E_t_i_p-=
El r_o_ o t/2", ..
'mr_o ot = m_t_i p&E _t i p=0,"mt i p=mr_oot/2&E _r oot ==E_t_.i_p,
i_p=mr_oot/2&E_t_ i p=E_r_oot/2, " mt_i_p=mr_oot/2&E_t_i_p-=
0,
1] |_p O&El_r_oot :El_t_i_p, t i _p=0&E_t_i_p-=
EI r_o_o t/2'," i_p=0&E_t_i_p-= 0,2),
% TABLE-1V NR H NGED
L e e
%M1 m=m0 & El = El _O:
t4mEl yl = [ 0. 0000 -.1778 -.3428 -.4830 -.5879 -.6494 -.6620 -.6233 -.5339 -
.3973 -.2195 .
-.0083 0.2274 0.4788 0.7382 1 0000] .
t4nEl yld = [-2. 6675 -2.4751 -2.1026 -1.5737 -.9222 1890 0.5809 1.3413 2.0490
2.6669 3.1679 ...
3.5357 3.7713 3.8904 3.9269].';%
t4mEl yldd = [ 0. 0000 2.9017 5.6183 7.9748 9.8240 11.0559 11.6059 11.4610 10.6619
9.3030 7.5279
5.5239 3.5133 1.7444 0.4821 0.0000].
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t4nEly2 = [0. 0000 0.3217 0.5731 0.6997 0.6745 0.5034 0.2246 -.1000 ~-.3977 -
.6006 -.6595 ...

-.5667 -.2935 0.0847 0.5309 1.0000].";
t4nEly2d = [4.8253 3.7708 1.9000 -.3784 -2.5660 -4.1825 -4.8692 -4.4659 -3. 0431 -
.8832° 1.5878 ...

3.9028 5.6720 6.6930 7.0367].';%
t 4nEl y2dd = [0. 0000 -16.1228  -28.5821  -34.8100  -33.4256  -24.7037 -
10.5043  6.1398 ..

21.7025 32.9430 37.6597 35.2256 26.7997 15.2316 4. 6639
0.0000] . " ;

-.3017 0.1561 0.5389 0.6758 0.5070

t4nEly3 = [0. 0000 -.4342 -.6814 -.6298
0.1106 -.3311 ...
-.6112 -.5878 -.2400 0.3365 1.0000].";
t4nEl y3d = [-6.5137 -3.7078 0.7747 4.9212 6.8673 5.7417 2.0541 -2.5328 -5.9464 -
6.6245 -4.2021 ...
0.3507 5.2169 8.6477 9.9528].';%
t 4nEl y3dd = [0. 0000 43. 4748 69.7829 64.4864 30.1462 -17.7598 -57.7175 -71.7578
-53. 4956 .
-10. 8931 37.3827 70.4947 75.1702 52.3442 18.2343 0.0000].";
HhElyl = pol yfit(sttnHL, t4nElyl, 8);
HnEl yld = polyfit(sttnH2, t4nElyld, 8);
HnhEl yldd = pol yfit(sttnHl,t4nEl yldd, 8);
HhEly2 = pol yfit(sttnHL, t4nEly2, 8);
HnEl y2d = pol yfit(sttnH2, t4nEly2d, 8);
HEl y2dd = pol yfit(sttnHl,t4nEl y2dd, 8);
HhEly3 = pol yfit(sttnHL, t4nEly3, 8);
HnEl y3d = pol yfit(sttnH2, t4nEl y3d, 8);
HnEl y3dd = pol yfit(sttnHl,t4nEl y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (HnEl y1, xx), "' b-',"linewidth', 2);
pl ot (xx, pol yval (HEl y1d, xx), ' b-.","linewi dth', 2);
pl ot (xx, pol yval (HnEl y1dd, xx), "' b:", " linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title("t HINGED m= mO & El = EI_0:");

subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (HhEly2, xx),"'r-',"linewidth', 2);
pl ot (xx, pol yval (HnhEl y2d, xx),'r-.", " linewidth', 2);
pl ot (xx, pol yval (HnEl y2dd, xx),'r:","linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (HhEly3, xx), ' m',"'linewidth', 2);
pl ot (xx, pol yval (HnEly3d, xx), ' m.", " linewidth', 2);
pl ot (xx, pol yval (HnEl y3dd, xx), ' m"',"linewidth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear tA4nEly*
%2 m=mO0 & El = El_0(1-xhat/2):
t 4mEl x2y1 = [ 0. 0000 -.1601 -.3104 ~-.4411 -.5430 -.6079 -.6293 -.6030 -.5272 -
. 4031 -.2347

-.0283 0.2076 0.4635 0.7300 1.0000].";
t4mEl x2yld = [-2.4011 -2.2545 -1.9610 -1.5283 -.9732 -.3211 0.3949 1.1363 1.8610
2.5269 3.0959 ...

3.5382 3.8377 3.9981 4.0501]."';%
t 4nEl x2yldd = [0. 0000 2.1968 4.4128 6.5121 8.3585 9.8221 10.7894 11.1731 10.9231
10. 0375 8.5728 ...

6.6547 4.4883 2.3693 0.6982 0.0000].";
t4nEl x2y2 = [ 0. 0000 0.2823 0.5112 0.6413 0.6441 0.5151 0.2771 -.0227 -.3201 -
. 5466 -.6433

-.5747 -.3369 0.0406 0.5047 1.0000].";

0.0414 -1.9342 -3.5700 -4.4964 -4.4618 -3.3977 -

t4nEl x2y2d = [4.2349  3.4337 1.9512
1.4512 1.0303 ...

3.5665 b5.6618 6.9620 7.4296].';%
t4nEl x2y2dd = [0.0000 -12.1633  -22.5509  -29.0968  -30.1375  -24.9921 -
14.2022°  0.4449 ...

16. 1636 29. 6539 37.8479 38.6874 31.8978 19.5720 6. 4608
0.0000] . " ;

t 4nEl x2y3 = [ 0. 0000 -. 3806
0.2385 -.2199 ...

.6187 -.6118 -.3523 0.0612 0.4585 0.6662 0.5843

-.5723 -.6286 -.3172 0.2820 1.0000].';
t 4nEl x2y3d = [-5.7084 -3.5718 0.0330 3.8918 6.2024 5.9598 3.1149 -1.2129 -5.1621 -
6.8767 -5.2857 ...

-.8435 4.6710 8.9872 10.7702].';%
t 4nEl x2y3dd = [ 0. 0000 32.8485 57.1675 59. 0998 36. 3014 -3.3443 -43.9333 -67.5091 -
61. 8610 -26. 7887
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24.2333 68. 7554 85.5398 66.4744 25.3995 0.0000].";

HEl x2y1 = pol yfit(sttnHl,t4nEl x2y1, 8);

HnEl x2y1ld = pol yfit(sttnH2,t4nEl x2yld, 8);
HEl x2y1ldd = pol yfit(sttnHL, t4nEl x2yldd, 8);
HEl x2y2 = pol yfit(sttnHl, t 4nEl x2y2, 8);

HnEl x2y2d = pol yfit(sttnH2,t4nEl x2y2d, 8);
HEl x2y2dd = pol yfit(sttnHL, t 4nEl x2y2dd, 8) ;
HnEl x2y3 = pol yfit(sttnHL, t 4nEl x2y3, 8);

HnEl x2y3d = pol yfit(sttnH2,t4nEl x2y3d, 8);
HEl x2y3dd = pol yfit(sttnHL, t4nEl x2y3dd, 8);

figure; hold on;
subpl ot (1,3,1); hold on;

pl ot (xx, pol yval ( HhEl x2y1, xx), "' b-","linewi dth', 2);
pl ot (xx, pol yval ( HhEl x2y1d, xx), ' b-.","'linewi dth', 2);
pl ot (xx, pol yval ( HhEl x2y1dd, xx), " b:"','linew dth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title(" HINGED m= mO & ElI = El _0(1-xhat/2):");
subpl ot (1, 3,2); hold on;

pl ot (xx, pol yval ( HMEl x2y2, xx),'r-","linewi dth', 2);
pl ot (xx, pol yval ( HhEl x2y2d, xx),'r-.","'linewi dth', 2);
pl ot (xx, pol yval ( HhEl x2y2dd, xx),"'r:"',"'linewi dth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subplot(1,3,3); hold on;

pl ot (xx, pol yval (HMEl x2y3, xx), ' m"', "' linewi dth', 2);
pl ot (xx, pol yval ( HhEl x2y3d, xx), ' m.",'linew dth', 2);
pl ot (xx, pol yval ( HhEl x2y3dd, xx)," ' m"','linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t4nEl x2y*
%3 m=mO0 & El = El_0(1-xhat):

t4nEl xyl = [0. 0000 -. 1241 -.2425 -.3492 -.4377
.3966 -.2609 .

-.0795 0.1447 0.4059 0.6951
t4nEl xyld = [-1.8612 -1.7765 -1.6000 -1.3272 -.9572
2.0346 2.7212 ...

3.3634 3.9182 4.3385 4.5730].
t 4nEl xyldd = [0. 0000 1.2599 2.6412 4.0919 5.5538
10. 4435 10. 3457 ..

9.6854 8.3825 6.3673 3.5845
t4nEl xy2 = [0. 0000 0.1893 0.3518 0.4622 0.4997
. 3402 -.5027 .

-.5451 -.4204 -.1047 0.3896
t4nEl xy2d = [2.8391 2.4377 1.6557 0.5632 -.7071
2.4389 -.6351 ...

1.8695 4.7359 7.4140 9.1568].
t 4nEl xy2dd = [ 0. 0000 -6.0403 -11.8108 -16. 5435
-8.4580 1.9007 ...

14.3995 27. 2556 38.0134 43. 7041
t4nEl xy3 = [ 0. 0000 -.2299 -.3984 -.4489 -.3552
0.3964 0.1086

-.2615 -.5209 -.4517
t4nEl xy3d = [-3.4482 -2.5277 -.7583 1.4065

4.3171 -5.5508 ...

-.5015

1. 0000] .
~.4940

7 %

6. 9600
0. 0000] .
0. 4526

1. 0000] .
~1.9666

;%
-19. 2804

41. 1267
-. 1335

-.5344 -.5308 -.4860 -

0.0539 0.6722 1.3411

8.2356 9.2994 10.0650
0.3215 0.1222 -.1135 -

-2.9887 -3.5362 -3.3992 -

-19. 1626 -15.6121

27.2670 0.0000].";
0.1449 0.3882 0.4934

-.0822 1.0000].";
3.2949 4.2065 3.6496 1.5779 -1.4555 -

-3.8912 1.0372 8.0094 13.7667].';%
t 4nEl xy3dd = [ 0. 0000 13. 9649 27. 3446 33.6311 29.5841 14.6758 -7.9710 -31.5748 -

46. 9233 -44. 9846

"120. 5659 23.7570 74.7164 108.0221

HEl xyl = pol yfit(sttnHl,t4nEl xyl, 8);

HnEl xyld = pol yfit(sttnH2,t4nEl xyld, 8);
HEl xyldd = pol yfit(sttnHl, t4nEl xyldd, 8);
HEl xy2 = pol yfit(sttnHl, t4nEl xy2, 8);

HnEl xy2d = pol yfit(sttnH2,t4nEl xy2d, 8);
HEl xy2dd = pol yfit(sttnHl, t4nEl xy2dd, 8);
HEl xy3 = pol yfit(sttnHl, t4nEl xy3, 8);

HnEl xy3d = pol yfit(sttnH2,t4nEl xy3d, 8);
HEl xy3dd = pol yfit(sttnHl, t4nEl xy3dd, 8);

figure; hold on;
subpl ot (1,3,1); hold on;

pl ot (xx, pol yval (HhEl xy1, xx), "' b-","linewidth', 2);
pl ot (xx, pol yval ( HhEl xyld, xx), "' b-.","'linewi dth', 2);
pl ot (xx, pol yval ( HhEl xyldd, xx), " b:",'linew dth', 2);

grid mnor;
| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title(" HHINGED m= mO & ElI = El _0(1-xhat):"');
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subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (HhEl xy2, xx),"'r-","linewidth', 2);
pl ot (xx, pol yval ( HhEl xy2d, xx), 'r-.","'linewi dth', 2);
pl ot (xx, pol yval ( HhEl xy2dd, xx),"'r:"','linew dth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (HhEl xy3, xx), ' m"', " linewidth', 2);
pl ot (xx, pol yval ( HhEl xy3d, xx), ' m."','linew dth', 2);
pl ot (xx, pol yval ( HhEl xy3dd, xx), ' m"',"'linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t4nEl xy*
%4 m= mO(1-xhat/2) & EI = El_O:
t4nmx2El yl = [0. 0000 -.1558 -.2990 -.4182 -.5038 -.5484 -.5478 -.5005 -.4083
.2751 -.1071 .

0.0884 0.3037 0.5312 0.7647 1.0000].
t4nx2Elyld = [-2.3363 -2.1488 -1.7886 -1.2830 -.6693 0.0096 0 7083 1.3836 1.9975
2.5203 2.9330 ...

3.2285 3.4124 3.5029 3.5298].";%
t 4nx2El yldd = [ 0. 0000 2.8306 5.4383 7.6302 9.2606 10.2394 10.5356 10.1773 9. 2456
7.8663 6.1992 ...

4.4254 2.7358 1.3192 0.3538 0.0000].";
t4nmx2Ely2 = [0. 0000 0.2727 0.4785 0.5674 0.5186 0.3447 0.0872 -.1932 -.4314
.5716 -.5787 ...

-.4431 -.1812 0.1730 0.5782 1.0000].";
t4nmx2El y2d = [4.0912 3.0857 1.3335 -.7308 -2.6093 -3.8621 -4.2068 -3.5727 -2.1027

. 1044 2.0318 ..

3.9288 5.3124 6.0784 6.3271].';%
t4nx2El y2dd = [0.0000 - 15. 4147 - 26.8339 -31.5958 -28.7323 -19. 1453 -
5.2516 9.6994 22.4495 .
30. 4780 32.5262 28.8072 20.8910 11.3644 3.3416 O. 0000] .
t4mx2El y3 = [0. 0000 -.3730 -.5607 -.4680 -.1402 0.2634 0.5497 0.5846 0 3524
. 0405 -.4169 ...
-.6068 -.5150 -.1510 0.3921 1.0000].
t4nx2Ely3d = [-5.5947 -2.8156 1.3899 4.9171 6.0537 4.2957 0 5225 -3.4830 -5.8934
5.6463 -2.8473 ...
1.3765 5.4594 8.1471 9.1186].';%
t 4nmx2El y3dd = [0.0000 43.3868 65.7475 55.0307 17.6072 -27.5745 -58.9163 -62.3944
-37.4169 .
3.9909 43.5972 65.5174 62.9664 40.7963 13. 4256 0.0000].";
nHl, t 4nx2El y1, 8) ;
th2 t 4mx2El y1d, 8)
ttnHL, t 4nx2El y1dd, 8) ;
nHL, t 4K 2El y2,8);
tnH2, t 4nx2El y2d, 8) ;
ttnHL, t 4nx2El y2dd, 8) ;
nHl, t 4nx2El y3, 8) ;
tnH2, t 4nx2El y3d, 8) ;
ttnHL, t 4nx2El y3dd, 8);

Hx2Elyl = pol yfit(st
H2El y1d = pol yfit(s
Hx2El y1dd = pol yfi t(
Hx2Ely2 = pol yfit(st
Hx2El y2d = pol yfit(s
Hx2El y2dd = pol yfi t(
Hx2El y3 = pol yfit(st
Hx2El y3d = pol yfit(s
Hx2El y3dd = pol yfit(

N ) ()

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval (H2El y1, xx), "' b-","linewidth', 2);
pl ot (xx, pol yval ( Hnx2El y1d, xx), "' b-.","linewi dth', 2);
pl ot (xx, pol yval ( H/2El y1dd, xx), " b:"','linewi dth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title("HHNGED m = m O(1-xhat/2) & El = El _0:");
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (H2Ely2, xx),"'r-","linewidth', 2);
pl ot (xx, pol yval (H&2El y2d, xx),'r-.",'linewidth', 2);
pl ot (xx, pol yval (Hhx2El y2dd, xx),"'r:"','linew dth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval (H2Ely3,xx), ' m"',"'linewidth', 2);
pl ot (xx, pol yval (H&2El y3d, xx), ' m."','linewi dth',2);
pl ot (xx, pol yval (Hnx2El y3dd, xx), ' m"','linew dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t4nx2Ely*
%5 m= mO(1-xhat/2) & El = El_0(1l-xhat/2):
t 4mx2El x2y1 = [0. 0000 -.1405 -.2714 -.3831 -.4670 -.5157 -.5236 -.4877 -
.4074 -.2847 -.1240
0.0684 0.2847 0.5168 0.7571 1.0000].
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t 4nx2El x2yld = [-2. 1075 -1.9632 -1.6764 -1.2583 -.7296 -.1191 0.5384 1.2046
1.8407 2.4110 2.8856 ...

3.2447 3.4812 3.6044 3.6433].';%
t 4nx2El x2y1dd = [0. 0000 2.1650 4.3162 6.2980 7.9670 9.2014 9.9102 10.0412
9.5875 8.5912 7.1455

5.3954 3.5362 1.8125 0.5182 0.0000].";
t 4mx2El x2y2 = [ 0. 0000 0.2937 0.4281 0.5231 0.5013 0.3642 0.1393 -.1251 -
.3694 -.5347 -.5760

-.4711 -.2251 0.1318 0.5545 1.0000].
t 4mx2El x2y2d = [ 3. 5959 28262 1 4247 -.3274 -2.0558 -3.3735 -3.9664 -3.6638 -
2.4809 -.6194 1.5746 ...

3.6896 5.3528 6.3407 6.6828].';%
t 4mx2El x2y2dd = [ 0. 0000 -11.7139  -21.3762  -26.7516  -26.4102  -20.1587 -
9.1019 4.5670 ...

18. 0105 28.3717 33.4411 32.2076 25.2411 14.7929 4.6798
0.0000] . " ;
t 4mx2El x2y3 = [ 0. 0000 -.3245 -.5079 -.4640 -.2030 0.1630 0.4700 0.5746

0.4204 0.0681 -.3262
-.5765 -.5468 -.2092 0.3517 1.0000].
t 4nmx2El x2y3d = [-4. 8668 -2.7515 0.6587 3.9138 5.4909 4.6057 1.5683 -2.3134 -
5.2843 -5.9149 -3.7545 ...
0.4454 5.0645 8.4144 9.7239].';%
t 4nmx2El x2y3dd = [0. 0000 32.6840 53.5102 50. 6902 24.6040 -13. 7307 -47.2762 -
60. 4825 -46.3612 .
-9.9582 33.4867 65.2075 71.5806 51.3484 18. 4557 0.0000].";
Hx2El x2y1 = pol yfit(sttnHL, t 4mx2El x2y1, 8);
Hx2El x2y1d = pol yfit(sttnH2, t 4mx2El x2y1d, 8);
Hx2El x2y1ldd = pol yfit(sttnHL, t 4nx2El x2y1ldd, 8);
Hx2El x2y2 = pol yfit(sttnHL, t 4nx2El x2y2, 8) ;
Hx2El x2y2d = pol yfit(sttnH2, t 4mx2El x2y2d, 8) ;
Hx2El x2y2dd = pol yfit (sttnHL, t 4nx2El x2y2dd, 8);
Hx2El x2y3 = pol yfit(sttnHL, t 4nx2El x2y3, 8) ;
Hx2El x2y3d = pol yfit(sttnH2, t 4mx2El x2y3d, 8) ;
Hx2El x2y3dd = pol yfit(sttnHL, t 4nx2El x2y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval ( H"x2El x2y1, xx),"b-"','linewi dth', 2);
pl ot (xx, pol yval ( H2El x2y1d, xx),"b-."',"linewidth', 2);
pl ot (xx, pol yval ( Hnx2El x2y1dd, xx), 'b:',"linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title("HHNGED m = m O(1-xhat/2) & EI = El_0(1l-xhat/2):"');
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval ( H/X2El x2y2, xx),"'r-"','linewi dth', 2);
pl ot (xx, pol yval ( H/x2El x2y2d, xx),"'r-.","linewidth', 2);
pl ot (xx, pol yval ( H"x2El x2y2dd, xx), 'r:',"linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subpl ot (1, 3,3); hold on;

pl ot (xx, pol yval ( H2El x2y3, xx), ' m' ! | inewidth', 2);
pl ot (xx, pol yval ( H"X2El x2y3d, xx) , ,linewidth', 2);
pl ot (xx, pol yval ( H2El x2y3dd, xx) ,'linewidth', 2);

grid mnor;
Iegend('l\/ODES','lst Derivative','2nd Derivative',0);

cl ear t4nx2El x2y*
%6 m= mO(1-xhat/2) & EI = ElI_0(1l-xhat):
t 4mx2El xy1 = [ 0. 0000 -.1103 -.2148 -.3075 -.3500 ~-.4323 -.4526 ~-.4383 -.3856 -
.2924 -.1583 ...

0.0153 0.2248 0.4645 0.7262 1.0000].";
t 4mx2El xyld = [-1.6543 -1.5682 -1.3902 -1.1178 -.7536 -.3051 0.2153 0.7902 1.3977
2.0120 2.6041

3.1425 3.5944 3.9265 4.1066].';%
t 4nx2El xyldd = [0.0000 1.2820 2.6679 4.0886 5.4721 6.7435 7.8273 8.6503 9.1450
9.2516 8.9210 ...

8.1173 6.8194 5.0225 2.7389 0.0000].
t 4nx 2El xy2 = [0. 0000 0.1643 0.3020 0.3882 0.4044 0.3423 0.2070 0.0184 -.1901 -

. 3744 . 4862 ..
-.4806 -.3248 -.0078 0.4518 1.0000].";
0.2431 -.9314 -2.0293 -2.8297 -3.1264 -2.7646 -

t 4nx2El xy2d = [ 3. 4651 2.0642 1.2932
1.6775 0.0846 .
2.3363 4.7546 6.8945 8.2232].';%

t 4nx2El xy2dd = [0.0000 -6.0465 -11.6724  -15.9371  -17.8592  -16.7340  -12.2504
-4.6272 ..

5.3591 16.3886 26.6827 34.1999 36.8503 32.7806 20. 6465
0.0000] . " ;
t4nx2El xy3 = [0.0000  -.2003 -.3380 -.3597 -.2482 -.0333 0.2116 0.3916 O0.4231

0.2712 -.0238
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-.3423 -.5123 -.3684 0.1667 1.0000].";
t 4nmx2El xy3d = [-3.0051 -2.0645 -.3264 1.6735 3.2227 3.6744 2.6991 0.4730 -2.2779 -
4.4252 -4.7776 ...
-2.5501 2.1574 8.0186 12.4991].';%
t 4mx2El xy3dd = [0. 0000 14.3350 26.9253 31.1310 24.3216 7.4502 -14.6474 -34.2032 -
42.7143 - 33.8828 .
-6.5779 33.1451 71.8610 90.9456 71.1259 0.0000].";
Hx2El xyl = pol yfit(sttnHl, t4mx2El xy1, 8);
Hx2El xyld = pol yfit(sttnH2,t4mx2El xyld, 8);
H2El xyldd = pol yfit(sttnHL, t4mx2El xyldd, 8);
Hx2El xy2 = pol yfit(sttnHL, t 4mx2El xy2, 8);
Hx2El xy2d = pol yfit(sttnH2, t4nx2El xy2d, 8) ;
Hx2El xy2dd = pol yfit(sttnHL, t 4mx2El xy2dd, 8);
Hx2El xy3 = pol yfit(sttnHl, t 4mx2El xy3, 8);
Hx2El xy3d = pol yfit(sttnH2,t4mx2El xy3d, 8);
Hx2El xy3dd = pol yfit(sttnHL, t4mx2El xy3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;

pl ot (xx, pol yval ( H/2El xy1, xx),"'b-","'linew dth', 2);
pl ot (xx, pol yval ( H"2El xy1d, xx),"b-."',"linewidth', 2);
pl ot (xx, pol yval ( H/2El xyldd, xx), " b:',"linewidth', 2);

grid mnor;

| egend(' MODE 1',' 1st Derivative','2nd Derivative',0);
title("HHNGED m = m O(1-xhat/2) & EI = El_0(1l-xhat):");
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (H"2El xy2, xx),"'r-"','linewi dth', 2);
pl ot (xx, pol yval ( H/2El xy2d, xx),"'r-.","linewidth', 2);
pl ot (xx, pol yval ( H/2El xy2dd, xx),"'r:"',"linewidth', 2);

grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subplot(1,3,3); hold on;

pl ot (xx, pol yval (HW&2E!l xy3, xx),' ' m"','linew dth', 2);
pl ot (xx, pol yval ( H/2El xy3d, xx),' ' m."',"linewidth', 2);
pl ot (xx, pol yval (Hw2El xy3dd, xx),'m "', ' linewi dth', 2);

grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);

cl ear t4nx2El xy*

%7 m= mO(1-xhat) & El = El_O:
t4nxElyl = [0. 0000 -.1006 -.1894 -.2561 -.2928 -.2947 -.2604 -.1916 -.0920
0.0325 0.1759

0.3320 0.4956 0.6628 0.8313 1.0000].";
t4nxElyld = [-1.5091 -1.3324 -1.0003 -.5501 -.0288 0.5141 1.0334 1.4928 1.8686
2.1505 2.3411

2.4537 2.5083 2.5274 2.5308].';%
t 4nxEl yldd = [ 0. 0000 2.6772 5.0299 6.8123 7.8813 8.2013 7.8349 6.9215 5.6493
4.2248 2.8430 ...

1.6634 0.7904 0.2606 0.0359 0.0000].";
t4nxEl y2 = [0. 0000 0.1427 0.2364 0.2496 0.1783 0.0457 -.1069 -.2339 -.2980 -
. 2787 -.1744 .

0.0008 0.2251 0.4760 0.7370 1.0000].";
t4nxEly2d = [2.1411 1.4053 0.1972 -1.0696 -1.9884 -2.2893 -1.9048 -.9611 O0.2897
1.5634 2.6292

3.3640 3.7635 3.9154 3.9444].';%

t 4nxEl y2dd = [0. 0000 -11.3779 -18.6533 -19.5232 -14.1242 -4.5930 5.9348
14. 4825 19.1285 ...

19. 3997 16. 1429 11.0251 5.8786 2.1146 0.3109 0.0000].";
t4nxEl y3 = [ 0. 0000 -.1705 -.2249 -.1258 0.0617 0.2187 0.2493 0.1352 -.0409 -
.2358 -.3002 ...

-.2148 0.0047 0.3098 0.6512 1.0000].";
t4nxEl y3d = [-2.5582 -.8148 1.4862 2.8127 2.3549 0.4591 -1.7115 -2.9417 -2.6244 -
. 9652 1.2810

3.2917 4.5778 5.1208 5.2315].';%
t 4nmxEl y3dd = [ 0. 0000 27.6738 36.4609 20.8593 -7.4162 -30.0183 -34.1493 -19. 1967
5.1045 25.9492 ...
34.8202 30.8241 19.3206 7.7297 1.2214 0.0000].";
HElyl = pol yfit(sttnHl, t4nxElyl, 8);
HhxElyld = pol yfit(sttnH2,t4nxEl yld, 8);
HxEl yldd = pol yfit(sttnHl, t4nxEl yldd, 8);
HEly2 = pol yfit(sttnHl, t4nxEly2, 8);
HhxEly2d = pol yfit(sttnH2,t4nxEl y2d, 8);
HxEl y2dd = pol yfit(sttnHl, t4nxEl y2dd, 8);
HEly3 = pol yfit(sttnHl, t4nxEly3, 8);
HhxEl y3d = pol yfit(sttnH2,t4nxEl y3d, 8);
HxEl y3dd = pol yfit(sttnHl, t4nxEl y3dd, 8);

figure; hold on;
subplot(1,3,1); hold on;
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pl ot (xx, pol yval (HEl y1, xx), ' b-"'
pl ot (xx, pol yval ( HhxEl y1d, xx), ' b-."
pl ot (xx, pol yval ( HxEl y1dd, xx), ' b:"'
grid mnor;

| egend(' MODE 1',' 1st Derivative','
title("HHNGED m = m O(1-xhat) &
subpl ot (1,3,2); hold on;

pl ot (xx, pol yval (HhEly2, xx), ' r-"'
pl ot (xx, pol yval ( HnEl y2d, xx), 'r-."
pl ot (xx, pol yval ( HhxEl y2dd, xx), ' r:"'
grid mnor;

| egend(' MODE 2',' 1st Derivative','
subpl ot (1,3,3); hold on;

pl ot (xx, pol yval (HhxEly3, xx), ' m"',"'
pl ot (xx, pol yval ( HEl y3d, xx), ' m."
pl ot (xx, pol yval ( HhxEl y3dd, xx), ' m"'
grid mnor;

| egend(' MODE 3',' 1st Derivative','

cl ear t4nxEly*

,linewidth', 2);

' linewidth', 2);
U linewidth', 2);

2nd Derivative',0);
El El_0:');

,"linewidth', 2);

,'linewidth', 2);
,"linewidth', 2);
2nd Derivative',0);
linewidth', 2);
,'linewidth', 2);
,"linewi dth', 2);
2nd Derivative',0);

%8 m= mO(1-xhat) & ElI = El_0(1-xhat/2):
t 4nxEl x2y1 = [ 0. 0000 -.0912 -.1731 -.2366 -.2743
0.0203 0.1615 ...

0.3179 0.4838 0.6545 0.8271
t 4nxEl x2y1d = [-1.3685 -1.2273 -.9526 -.5655 -.0984
2.1176 2.3460 ...

2.4884 2.5613 2.5883 2.5934].
t 4nxEl x2yldd = [0.0000 2.1268 4.1481 5.8470 7.0565
4.8141 3.4186 ...

2.1148 1.0648 0.3729 0.0547
t 4nxEl x2y2 = [ 0. 0000 0.1254 0.2125 0.2332 0.1796
.2802 -.1924 ...

-.0264 0.1975 0.4550 0.7261
t4nxEl x2y2d = [1.8817 1.3053 0.3843 -.8044 -1.7075
1.3170 2.4906 ...

3.3583 3.8625 4.0667 4.1079].
t 4nxEl x2y2dd = [ 0. 0000 -8.8479 -15.2839 -17.1710
11.8656 17.8750 19.8367 ..

17.8332 13.0866 7.4790 2.8817
t 4nxEl x2y3 = [ 0. 0000 -.1505 -.2086 -.1360 0.0265
.1976 -.2913 ...

-.2359 -.0314 0.2773 0.6335
t 4nxEl x2y3d = [-2.2572 -.8715 1.0885 2.4377 2.3568
1.4052 0.8298 .

3.0677 4.6312 5.3430 5.4972].
t 4nxEl x2y3dd = [0.0000 21.7677 30.8281 21.1573 -1.3903
-1.5876 21.2899 ..

34.8049 34.5490 23.7284 10.2935
HxEl x2y1 = pol yfit(sttnHl, t4nxEl x2y1, 8);
HxEl x2y1ld = pol yfit(sttnH2, t4nmxEl x2y1d, 8)
HhxEl x2y1ldd = pol yfit(sttnHL, t 4nxEl x2y1ldd, 8)
HxEl x2y2 = pol yfit(sttnHl, t4nxEl x2y2, 8);
HhxEl x2y2d = pol yfit (sttnH2, t 4nmxEl x2y2d, 8)
HhxEl x2y2dd = pol yfit(sttnHL, t 4nxEl x2y2dd, 8)
HhxEl x2y3 = pol yfit(sttnHL, t 4nxEl x2y3, 8);
HxEl x2y3d = pol yfit(sttnH2, t 4mxEl x2y3d, 8)
HhxEl x2y3dd = pol yfit(sttnHL, t 4nxEl x2y3dd, 8)
figure; hold on
subplot(1,3,1); hold on
pl ot (xx, pol yval ( HhXEl x2y1, xx), " b-","'linew dth', 2)
pl ot (xx, pol yval ( HhXEl x2y1d, xx),"b-.", "l inewi dth', 2)
pl ot (xx, pol yval ( HnxEl x2y1dd, xx), " b:',"'linewidth', 2)

grid mnor;

| egend(' MODE 1', ' 1st De
title("HHNGED m= mO(1
subpl ot (1, 3,2); hold on
pl ot (xx, pol yval ( HhXEl x2
pl ot (xx, pol yval ( HEl x2
pl ot (xx, pol yval ( HhxEl x2
grid mnor;

| egend(' MODE 2',' 1st De
subpl ot (1, 3,3); hold on
pl ot (xx, pol yval ( HhEl x2
pl ot (xx, pol yval ( HEI x2
pl ot (xx, pol yval ( HhxEl x2
grid mnor;

| egend(' MODE 3',' 1st De

rivative','2nd Derivative',0);

-.2808 -.2535 -.1922 -.0995

1.0000].";

0.4100 0.9190 1.3913 1.7972
;%

7.6765 7.6819 7.1221 6.1118

0. 0000].";

0.0658 -.0759 -.2045 -.2813 -

1.0000].";

-2.1257 -1.9280 -1.1527 0.0165
;%

-13.8954 -6.4412 3.0165

0.4541 0.0000].";

0.1836 0.2419 0.1637 -.0134 -

1.0000].";

0.8750 -1.1742 -2.6558 -2.7629 -

S

-23.3985 -32. 2246 -23.1981

1.7510 0.0000].";

-xhat) & El = El_0(1-xhat/2):");
y2,xx), r-", " linewidth',2);
y2d, xx),"'r-.","linewidth', 2);
y2dd, xx),"'r:',"linewidth', 2);

rivative','2nd Derivative',0);
y3,xx),'m', " linewidth,2);

y3d, xx),'m."',"linewidth', 2);
y3dd, xx),'m',"linewidth', 2);

rivative','2nd Derivative',0);
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cl ear t4nxEl x2y*

%9 m= mO(1l-xhat) & EI = O(l xhat ) :
t 4nxEl xy1l = [0. 0000 0748 .1433 -.1989 -.2356 -.2480 -.2323 -.1862
.0036 0.1282 ...
0.2813 0.4502 0.6275 0.8139 1.0000].";
t4nxEl xyld = [-1.1222 -1.0267 -.8343 -.5499 -.1864 0.2356 0.6908 1.1511
1.9768 2.2964 ...
2.5345 2.6884 2.7669 2.7912].';%
t 4nxEl xyldd = [ 0. 0000 1.4218 2.8943 4.2872 5.4778 6.3621 6.8635 6.9403
5.8531 4.8088 ...
3.5747 2.2986 1.1517 0.3206 0.0000].";
t4anIxy2 = [0. 0000 0.0915 0.1602 0.1878 0.1620 0.0879 -.0193 -.1331
. 2553 . 2124
-.0846 0.1218 0.3878 0.6882 1.0000].
t 4nxEl xy2d = [1.3728 1.0305 0.4020 -.3755 -1.1116 -1.6078 -1.7061 -1.3297
0.6438 1.9177 ...
3.0957 3.9904 4.5050 4.6775].';%
t 4nxEl xy2dd = [0.0000 -5.2011 -9.6016 -11.9049 -11. 2941 -7.6441 -1.5725
12.5389 17.4785 ..
19.3913 17.9102 13.5472 7.6745 2.3373 0.0000].
t4anIxy3 = [ 0. 0000 -.1037 -.1562 -.1277 -.0274 0.0975 0.1824 0 1774
. 0852 . 2212
-.2503 -.1201 0.1683 0.5645 1.0000].";
t4nxEl xy3d = [-1.5560 -.7877 0.4284 1.5050 1.8722 1.2737 -.0748 -1.5500
2.0398 -.4364 ...
1.9527 4.3263 5.9419 6.5395]."'; %
t 4nxEl xy3dd = [ 0. 0000 11.8732 18.9034 16.7673 5.7258 -9.3345 -21.0490 -23
13. 1568 5.3345 ...
24.8731 37.0753 36.7275 24.6765 8.3232 0.0000].
HEl xyl = pol yfit(sttnHL, t4nxEl xyl, 8);
HxEl xyld = pol yf it(sttnH2, t4nxEl xyld, 8);
HEl xyldd = pol yfit(sttnHl, t4nxEl xyldd, 8);
HMEl xy2 = pol yfit(sttnHL, t4nxEl xy2, 8);
HEl xy2d = pol yfit(sttnH2, t4nxEl xy2d, 8);
HEl xy2dd = pol yfit(sttnHL, t 4nxEl xy2dd, 8);
HMEl xy3 = pol yfit(sttnHL, t4nxEl xy3, 8);
HEl xy3d = pol yfit(sttnH2, t4nxEl xy3d, 8);
HxEl xy3dd = pol yfit(sttnHL, t4nxEl xy3dd, 8);
figure; hold on;
subplot(1,3,1); hold on;
pl ot (xx, pol yval ( HWXEl xy1, xx), ! | inewidth',2);
pl ot (xx, pol yval ( HhxEl xy1d, xx) , ,'linewidth', 2);
pl ot (xx, pol yval ( HEl xyldd, xx) ,"linewidth', 2);
grid mnor;
I egend("’ MODE 1','1st Derivative','2nd Derivative',O0);
title("HHNGED m = m O(1-xhat) & El = El_0(1-xhat):");
subplot(1,3,2); hold on;
pl ot (xx, pol yval ( HhXEl xy2, xx) , ,'linewidth', 2);
pl ot (xx, pol yval ( HhxEl xy2d, xx) , ,"linewidth', 2);
pl ot (xx, pol yval ( HhxEl xy2dd, xx), ,'linewidth', 2);
grid mnor;
| egend(' MODE 2',' 1st Derivative','2nd Derivative',0);
subplot(1,3,3); hold on;
pl ot (xx, pol yval ( HhXEl xy3, xx), ,'linewidth', 2);
pl ot (xx, pol yval ( HhxEl xy3d, xx) , ,"linewidth', 2);
pl ot (xx, pol yval ( HhxEl xy3dd, xx), ,'linewidth', 2);
grid mnor;
| egend(' MODE 3',' 1st Derivative','2nd Derivative',0);
cl ear t4nxEl xy*
%
figure; hold on;
pl ot (xx, pol yval ( HhEl y1, xx), l'inewidth', 2);
pl ot (xx, pol yval ( HhEl x2y1, xx), ,"linewidth', 2);
pl ot (xx, pol yval ( HhEl xy1, xx), "linewidth', 2);
pl ot (xx, pol yval ( H"x2El y1, xx), ! I inewidth', 2);
pl ot (xx, pol yval ( H"x2El x2y1, xx), ,'"linewidth', 2);
pl ot (xx, pol yval ( H™X2El xy1, xx), "L'linewidth', 2);
pl ot (xx, pol yval ( HWXEl y1, xx), I inewi dth', 2);
pl ot (xx, pol yval ( H"XEl x2y1, xx), ,"linewidth', 2);
pl ot(xx pol yval ( H™XEI xy1, xx), ,'linewidth',2); grid on;
title(' H NGED BEAM FI RST BENDING MODE COMPAR! SON: * )
grid mnor;
| egend("’ _r_o_o_t =mt i p&E _r oot =E_t_i p, mr oot=mt_i p&El_t
El _r. _o_o_t/2", ...
'mr_o ot =mt_i_ p &E _t i p=0,"mt_i_p=mr_oot/2&El _r_oot =
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_i_p

. 1095

. 5883

5903

. 2216
-. 5045
5.6793
0.0741

-2.3886

0546

I _t_i_p',



'mt_i_p=mr_o o t/2 &El_t_i_p=E_r_oot/2, ) mt_i_p=mr_oot/2&El_t_i_p-=
o, ...

'mt i p=0&E _r oot =E_1tip, ' mtip=0&E_ti p=
El r_o o t/2,'mt_i_p=0&E_t_i_p=20,2)
Oy

clear sttn*

O
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APPENDIX C. MATLAB® CODES FOR FUNCTION FILES

A. MATLAB® CODE FOR YNTEMA FUNCTION

function [wlynt, w2ynt, wdynt, wOynt, onegaRng, varargout] =
ynt ema( f | agSout h, cant Hi ng, eof f set, bl engt h, el ast, maLenO, m nert0, varargin);

% wl, w2, w3, w0, rtrSpd <,{a0, al, a2, a3, K0, K1, K2, K3, K00, K01, K02, K03, Kh10, Kh1l, Kh12, Kh13}
<, wiksi, w2ksi , wdksi , woksi >> <, wiksi , w2ksi , wdksi , woksi >] =
YNTEMA( f | agSout h, cant Hi ng, eof f set, bl engt h, nel ast, maLen0O, mi nert0 <,'ntip', naLenT>
< 'Itip' ,mnertT><,'M"', massTip> <,' AoA ,al fa> <, [rtrSpdRng opRtr Spd]>);

%

¥s<<<<<< A COVWPUTER CODE FOR RAPI D CALCULATI ON OF BENDI NG FREQUENCI ES OF ROTOR
BLADES>>>>>>>>>>>>>>>>>>>>>>

UR<<<<<<<<<<<<< -- (Advisor: Prof.E R WOOD; Co-Advisor:
CDR. M C(]JCH) SSS33333333333333333333333333333333355>

Ux<<<<<<<(C)1Lt.H E. AKI N, Turkish Arny, Naval Postgraduate School, Mnterey, CA,
USA>S>>>>>>5>>5S55555>S>>>>>>>

Ur<<<<<<<<<<Master of Science in Aeronautical Enginering (Avionics) Thesis,
SEP2002>>>>>>>>>>>>>>>>5>>>5>>>

R <<<<KLKLKLKKKLKKLKLKLLKLK<<<<[ MATLAB 6. 1. 0. 450 Rel ease 12.1, My
18, 2001] >>>>>>>>>>>>>>555>>5555>>SS555>S5555>>>>

%

% Thi s code rapidly gives the approxi mate bendi ng frequencies of rotor bl ades

% by the Yntema nethod. The Yntermam nethod uses a Rayl ei gh energy approach utilizing

% t he bendi ng node of nonrotating beamin the determ nation of the bending frequency

% of the rotating beam

% Charts are read for the rapid estimation of the first three bending frequencies

% for rotating and nonrotating cantil ever and hinged beams with a vari abl e mass and

% stiffness distributions, as well as with root offsets fromthe axis of rotation.

% The case of rotating beanms with a tip mass is also included.

R e e ]

% ' VARARA N | ooks for ('ntip',maLenT, ' Itip' ,mnertT,'M"', massTip,rtrSpdRng, al fa) val ues;

%if VARARG N is enpty, the values are assuned to be equal to their root values or zero,
or enpty.

% ' VARARGOUT' may be <yntema_coefficients> or <wlksi,w2ksi, w3ksi, woksi > or all five of
t hem

%it is a cell array containing one, four, or five cells.

Oy

runtinestart = cputinme;
di sp(" START OF YNTEMA() FILE "),
98/AKI NG A DI ARY FILE I NSIDE THE ' ynt emarundi ary’ SUBDI RECTORY OF THE CURRENT WWORKSPACE:
% Execute this file on hard disk to avoid warning messages caused by diary statenents
here.)
dirynte = dir(pwd);
flagdirec = O;
for ddd = 1:size(dirynte, 1)
chkvar 111 = struct2cel | (dirynte(ddd));
if ((size(chkvar111{1},2) == 14) & ((chkvar111{1} == 'yntemarundiary') &
(isdir('yntemarundiary'))))
flagdirec = 1;
end

end

if flagdirec == 0
eval (' nkdir yntemarundiary',...
"disp('' The diary folder for this run of YNTEMA() function could not be
created!"")");
end
sindi = datestr(now);
simdi = [sindi(1:14) sinmdi(16:17) sindi(19:20)];
eval( di ary([pwd ""\yntemarundiary\'' sinmdi '’ txt"])'
disp('"Diary will not be saved for this run of YNI'ENA() function!'")");
(077
% CHECKI NG | NPUT ARGUMENTS AND MAKI NG NECESSARY CORRECTI ONS:
|l oad yntedflt.mat; %lefault values for E, I_0, mO, L, a rotor speed range. For use if
not input properly.

% heck for number of input arguments:
if nargin < 7
errordl g({' The nunber of input argunents can not be less than 7 (seven)... ' 'PLEASE
TRY AGAIN "}, ..
" WARNI NG , ' modal * )
error( Early Term nation: PLEASE TRY AGAIN W TH PROPER | NPUT ARGUMENTS!');
di sp(' WARNI NG The nunber of input arguments can not be | ess than 7 (seven).');
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di sp(" Early Term nation: PLEASE TRY AGAIN W TH PROPER | NPUT ARGUMENTS!');
disp(' ');
end

if nargin > 16
errordl g({' The nunber of input argunents can not be nore than 16 (sixt een)

The excessive input argunments will be truncated.'},' WARNI NG , “modal * );
di sp(' WARNI NG The nunber of input arguments can not be nore than 16 (SI xteen).');
di sp(’ The excessive input arguments will be truncated.');

disp(' ');
end

%Check for conpul sory input argunents:
if ( isenmpty(flagSouth) | ((flagSouth ~= 0 & flagSouth ~= 1) & (flagSouth ~= 2 &
flagSouth ~= 3)) )
flagSouth = 0;

di sp(' WARNI NG The Southwell Plot Flag input is not 0, 1, 2, or 3...");
di sp(’ The Southwell Plot Flag is assuned to be 0 (pI ot not needed)I )
disp(' ');
end
if ( |serrpty(cantH| ng) | ((upper(cantH ng(1l)) ~='C ) & (upper(cantH ng(1)) ~= "H)) )
cantH ng =
di sp(' WARNI NG The selection is not specified as cantilever or hinged in the second
|nput argunent.');
di sp(’ The beamis assuned to be H NGED! ');
disp(* ");
end

if ( isenpty(blength) | (((blength <= 0) | (size(blength) ~=1[1 1])) |
(~i snuneric(bl ength))) )
bl ength = bLenDF;
di sp(' WARNI NG Bl ade length input is zero or less or not a scalar.');
di sp([" Bl ade length is assuned to be ', nun2str(blength),’ ft!\n']);

disp(’ ");
end

if ( |serrpty(eoffset) | (((eoffset < 0) | (eoffset >= blength)) | ((size(eoffset) ~=[1
1]) | (~|snurrer|c(eoffset)))) )
eoffset = 0;
di sp(* VWARNI NG Hi nge of f set |nput (e/L or e) is less than zero or not a scalar or it
is greater than bl ade_l engt h!"
di sp("’ H nge offset is assuned to be ZERO ' );
disp(* ');
elseif ( ~isenpty(eoffset) & (eoffset >= 1) )
eof fset = eoffset./blength;
di sp(' WARNI NG Hinge offset input is greater than or equal to 1 (one). It is accepted
as (e) not (e/L).");

disp([" Hi nge offset value is reconputed to be (e / blade_length = e/L) ="
nunﬂstr(eoffset)])
disp(' ');
end
if ( isempty(melast) | (((melast <= 0) | (size(nmelast) ~=[1 1])) | (~isnumeric(melast)))
nel ast = el asAl DF;
di sp(' WARNI NG Mbodul us of Elasticity input is |less than or equal to zero or it is not
a scalar.");
di sp([" Modul us of Elasticity is assunmed to be ' nunstr(el asAl DF) ' psi
which is for alumnumi\n']);
disp(" ")
end

mel ast = nmelast / (32.174 * 12); %onverting frompsi to | bnlin-sec”2:
[psi/(32.174*12) =l bnl i n-sec”2]
if ( isenpty(maLen0) | (((maLen0 <= 0) | (size(maLen0) ~=[1 1])) | (~i snuneric(maLen0)))

maLen0 = malLenODF;
di sp(' WARNI NG Bl ade Mass per Length at Root input is |less than or equal to zero or
it is not a scalar.");
di sp([" Bl ade Mass per Length at Root is assumed to be ' nunfstr (nmaLenODF)
| b-sec”2!\n']);
disp(" ")
end

if ( isenmpty(minert0) | (((mnertO0 <= 0) | (size(mnert0) ~=1[1 1])) |
(~i snunmeric(mnert0))) )
m nert0 = m nert ODF;
di sp(' WARNI NG Mnent of Inertia at Root input is |less than zero or it is not a
scalar.');
di sp([" Moment of Inertia at Root is assuned to be ' nun@str(m nertODF)
|n"4'\n 1);
disp(" ")
end

% Check for optional VARARG N argunents:
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aMd = []; alfaR = [];

if isenmpty(varargin)
maLenT = malLenO;
mnertT = mnertO;
massTip = O;
rtrSdeng = rtr SpdRngDF;
di sp(' ATTENTI ON:  You did not specify any extra input argunents.');

di sp(’ The beamis assuned to be uniformand w thout a concentrated nass at
the tip.");
disp(' ');
el se
if (size(varargln 2) <9
for vii = (S|ze(vararg|n 2)+1 1:9)
varargin{1l,vii} = ;
end
end
viii =1,

while (viii <= 9)

if (prod(size(varargin{l,viii}) ==1[1 4]) & (varargin{l,viii} = ip'))
1f ( ((~isenpty(varargin{1,viii+1})) & (isnuneric(varargi n{l V|||+1}))) & ...
((varargin{l,viii+1} >= 0) & (size(varargin{l,viii+l}) ==1[1 1])) )

maLenT = varargi n{1,viii+1};
viii = viii + 2;
if maLenT > maLenO
maLenT = malLenO;
di sp(' WARNING mtip can not be greater than mO0. Assuned: mtip =

mo0.")
disp(’ ");
end
el se
maLenT = malLenO;
viii = viii + 1;

di sp(' WARNING mtip value is enpty/matrix/| ess than zero/ not nuneric/not
after ''nmtip' ' expression.');

di sp(’ mtip is assunmed to be equal to mO (constant mass
distribution).");
disp(* ');
end %f4
el seif (prod(size(varargin{l,viii}) ==1[1 3]) & (varargin{1,viii} == "AoA))

if ((~isenmpty(varargin{l,viii+1})) & (isnunmeric(varargin{l,viii+1})))
alfa = varargin{1,viii+1};
alfa = alfa(:);
alfaR = al fa;
alfaM d = nean(al fa);
if (size(varargin{l,viii+l}) == [1 1])
alfaR = [0:al fa/50: 2*alfa].";

viii = viii + 2;
el se

+ 1;
NG AoA value is enpty or not nuneric or not after ''AoA'
expression.' )
disp(' AoA is assunmed to be zero.');
disp(* ");
end %f4
el seif (prod(size(varargin{l,viii}) ==1[1 4]) & (varargin{1,viii} == "1tip"))
if ( ((~1senpty(varargin{l,vili+1})) & (isnuneric(varargin{1,viii+1}))) & ...
((varargin{l,viii+l} >= 0) & (size(varargin{l,viii+l}) ==1[1 1])) )
mnertT = varargin{1,viii+1};
viii = viii + 2;
if mnertT > mnert0
mnertT = minertO;
di sp(' WARNING | _tip cannot be greater than |_0. Assuned: |_tip =

1_0.");
disp(" ");
end
el se

mnertT = minertO;

viii = wviii + 1

disp(' WARNING | _tip value is enpty/matrix/|ess than zero/ not nuneric/not
after "'"Itip'' expression.');
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di sp(’ | _tip is assuned to be equal to I_0 (constant stiffness
distribution)."');

disp(' ');
end %f4
el seif (prod(size(varargin{l,viii}) ==1]1 2]) & (varargin{1,viii} =="M"))
if ( ((~isenpty(varargin{1,viii+1})) & (isnuneric(varargin{1, V|||+1}))) & ...
((varargin{l,viii+l} > 0) & (size(varargin{l,viii+l}) ==[1 1])) )

massTip = varargi n{1, vili+1};
if (((1senmpty(maLenT~=maLen0)) | ((maLenT~=maLen0)==1)) |
((isenpty(mnertT~=minert0)) | ((mnertT~=mi nert0)==1)))
maLenT = malLenO;
mnertT = mnertO;
di sp(' WARNI NG The beam nust be uniformto have a rrass at the tip.");

di sp("’ Assurmed: mtip = mO and |_tip =1_|
disp(' ');
end
viii = viii + 2;
el seif varargi n{l V|||+1}
massTip = 0
viii = viii +2,
el se
massTip =
viii = wviii + 1

di sp(' WARNING M1t value is enpty/matrix/|less than zero/not nuneric/ not
after '"'"M'' expression.');
di sp(" Mt is assumed to be equal to zero (no tip mass).');
disp(' ');
end %f4
elseif ( (length(varargin{1,viii}) >= 1) & (isnuneric(varargin{1l,viii})) )
rtrSpdR = varargin{1,viii};
rtrSpdRng = [rtrSpdR(:)].";
if (length(rtrSpdRng) == 1) & (rtrSpdRng ~= 0)
rtrSpdRng = [O0: rtrSpdRng/ 50: 2*rtr SpdRng] ;
elseif (rtrSpdRng == 0)
rtrSpdRng = rtr SpdRngDF;

end
viii = wviii + 1
el sei f ((Iength(varargl n{1,viii}) == 3) & (varargin{l,viii} =="..."))
viii = 999;
el sei f |serrpty(vararg| n{1,viii})
viii = viii + 1
el se
viii = wviii + 1

errordl g({ An input argunent could not be attributed to any variable and was
di sregar ded.

' The ot her inputs may be attributed, but do not count on the results
you get!' ...
" ALTHOUGH THE PROGRAMS MAY RUN, PLEASE CHECK YOUR | NPUT ARGUMENTS AND TRY
AGAI N}, " WARNI NG , ' nodal ') ;

di sp(' WARNI NG An input argunent could not be attributed to any variable and
was di sregarded. ")
di sp(’ The other inputs may be attributed. But do not count on the
results you get'
sp ALTHOUGH THE PROGRAM MAY RUN, PLEASE CHECK YOUR | NPUT
ARGUNENTS AND TRY AGAIN " );

disp(’ ");
end % f3
end %whil e2
end % f1l
if isempty(alf ) | (al faR == 0)
alfaR = [0 6.3].";
end

% heck for enpty VARARGA N argunents:
if i serrpty(maLenT)
maLenT = malLenO;
di sp(’ ATTENI'IO\I You did not specify any input argunent for mass per length at the
tip.');
di sp(’ Assurmed: mtip = mO0.");
disp(" ")
end
ifoi serrpty(m' nertT)

mnertT = minertO;
di sp(* ATTENTIO\I You did not speci fy any input argunent for noment of inertia at the

tip.');
di sp(’ Assured: | _tip =1_0.");

disp(* ")
end
if isempty(massTip)
152



massTip =

rr = 0;

di sp(’ ATTENTIO\I You did not specify any input argunent for the concentrated nmass at
the tip.");

di sp(’ Assurmed: Mt = 0.');

disp(" ');

end
if isempty(rtrSpdRng)
rtrSpdRng = rtr SpdRngDF;
di sp(' ATTENTI ON:  You did not specify any input argument for the rotor speed range.');
di sp(’ A default rotor speed range was assuned.');
disp(' ');
end

%Check for operating rotor speed: (it nust be |less than the maxi nrumrotor speed
speci fi ed)

if ((rtrSpdRng(length(rtrSpdRng))) <= (rtrSpdRng(length(rtrSpdRng)-1)))

opRtrSpd = rtrSpdRng(max(size(rtrSpdRng)));

rtrSpdRng = rtrSpdRng(1: max(si ze(rtrSpdRng))-1);
el se

if ( (size(rtrSpdRng) == size(rtrSpdRngDF)) & (prod(rtrSpdRng == rtrSpdRngDF) == 1) )

opRtr Spd = opRtr SpdDF;

opRtr Spd = mean(rtr SpdRng);

di sp(' WARNI NG No operating rotor speed has been input as the |ast elenent of the
rtrSdeng i nput argument .
di sp("’ An arbltrary val'ue has been assi gned for the operating rotor speed.');
disp(* ")
end

s

% READI NG THE a_n, K 0_n, Kh_1 n CCEFFI Cl ENT VALUES FROM THE YNTEMA CHARTS:
mnD = malLenT/ maLenO;

EItEIO = minertT/ mnertO;

rr = massTi p/ (maLen0*bl engt h) ;

switch upper (cant Hing(1))
case 'C
if (massTip == 0)
% NR bendi ng coefficients
| oad yntecoef.mat *CLMS;
a0 = aOCLMs;

al00 = pol yval (al00CLMS, nt nD) ;
al05 = pol yval (al05CLMS, nt nD) ;
all0 = pol yval (all0CLMs, nt nD);

if (EItEIO == 1)

al = allo;
elseif (EItEIO == 0.5)
al = al05;
elseif (EItEIO == 0)
al = al0o0;
el se
al = polyval (polyfit([0.0; 0.5; 1.0],[al00; al05; all0],2),EItEI0);
end
a200 pol yval (a200CLMS, nt nD) ;

a205 - pol yval (a205CLMS, nt nD) ;
a210 = pol yval (a210CLMs, nt nD) ;
if (EItEIO0 == 1)

a2 = a210;
elseif (EItEIO == 0.5)
a2 = a205;
el sei f (EItEIO == 0)
a2 = a200;
el se
a2 = polyval (polyfit([0.0; 0.5; 1.0],[a200; a205; a210],2),EItEI0);
end
a300 = pol yval (a300CLMs, nt nD) ;
a305 = pol yval (a305CLMS, nt nD) ;

a310 = pol yval (a310CLMs, nt nD) ;
if (EItEI0 == 1)

a3 = a310;

elseif (EItEIO == 0.5)
a3 = a305;

elseif (EItEIO == 0)
a3 = a300;

el se

a3 = polyval (polyfit([0.0; 0.5; 1.0],[a300; a305; a310],2),EItEI0);
end
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% zero-of fset coefficients

KOO = KOOCLMs;

K0100 = pol yval (KO100CLMVS, nt nD) ;
K0105 = pol yval (KO105CLMS, nt nD) ;
K0110 = pol yval (KO110CLMS, nt nD) ;
if (EItEIO0 == 0)

K01 = K0100;
elseif (EItEIO == 0.5)
K01 = K0105;
elseif (EItEIO == 1)
K01 = K0110;
el se
KO1 = pol yval (polyfit([0.0; 0.5; 1.0],[K0100; KO0105; K0110],2),EItEI0);
end
K0200 = pol yval (KO200CLMS, nt nD) ;
K0205 = pol yval (KO205CLMS, nt nD) ;

K0210 = pol yval (KO210CLMS, nt nD) ;
if (EItEIO0 == 0)
K02 = K0200;
elseif (EItEIO == 0.5)
K02 = K0205;
elseif (EItEIO ==1)
K02 = K0210;
el se
KO

N

= polyval (polyfit([0.0; 0.5; 1.0],[K0200; K0205; K0210],2),EItEIO0);
end
K0300 pol yval ( KO300CLMS, nt nD) ;
K0305 pol yval ( KO305CLMS, nt nD) ;
K0310 pol yval (KO310CLMS, nt nD) ;
if (EItEIO0 == 0)
KO3 = KO0300;
elseif (EItEIO == 0.5)
KO3 = K0305;
elseif (EItEIO ==1)
K03 = K0310;
el se
KO3 = pol yval (polyfit([0.0; 0.5; 1.0],[K0300; KO0305; K0310],2),EItEI0);

end
% of f set-correction factors
Kh10 = Kh1O0CLMs;
Kh1100 = pol yval (Kh1100CLMS, nt nD) ;
Kh1105 pol yval (Kh1105CLMS, nt nD) ;
Kh1110 = pol yval (Kh1110CLMS, nt D)
if (EItEI0 == 0)

Kh1l = Kh1100;
elseif (EItEIO == 0.5)

Khlil = Kh1105;
elseif (EItEIO ==1)

Khll = Kh1110;

Kh1l = polyval (polyfit([0.0; 0.5; 1.0],[Kh1100; Kh1105; Kh1110],2),EltElI0);
end
Kh1200 pol yval (Kh1200CLMS, nt nD) ;

Kh1205 pol yval (Kh1205CLMS, nt nD) ;
Kh1210 pol yval (Kh1210CLMS, nt nD) ;
if (EItEIO == 0)

Kh12 = Kh1200;
elseif (EItEIO == 0.5)

Kh12 = Kh1205;
elseif (EItEIO ==1)

Kh12 = Kh1210;
el se

Kh12 = polyval (polyfit([0.0; 0.5; 1.0],[Kh1200; Kh1205; Kh1210],2), EItElI0);

end
Kh1300 = pol yval (Kh1300CLMS, nt nD) ;
Kh1305 = pol yval (Kh1305CLMS, nt nD) ;
Kh1310 = pol yval (Kh1310CLMS, nt nD) ;
if (EItEIO0 == 0)

Kh13 = Kh1300;
elseif (EItEIO == 0.5)

Kh13 = Kh1305;
elseif (EItEIO ==1)

Kh13 = Kh1310;
el se

Kh13 = polyval (polyfit([0.0; 0.5; 1.0],[Kh1300; Kh1305; Kh1310],2),EltEl0);
end

el seif (~isempty(massTip))

| oad yntecoef.mat *NUCM ;
if isenpty(tetaOsqNUCM )
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a0 = [1;
el se
a0 = polyval (tetaOsgNUCM ,rr); 9%when tetaOsgNUCM is enpty, POLYVAL results
to zero for every rr.
end
al = polyval (tetalsgNUCM ,rr);
a2 = polyval (teta2sgNUCM , rr);

a3 pol yval (teta3sgNUCM , rr);
if isenpty(KOONUCM )

KOO = [];
el se

KOO = pol yval (KOONUCM , rr); 9%when KOONUHM is enpty, POLYVAL results to zero
for every rr.

end
KO1 = pol yval (KOINUCM , rr);
K02 = pol yval (KO2NUCM , rr);
K03 = pol yval (KO3NUCM , rr);
Kh10 = []; Khi1l = []; Kh12 = []; Kh13 = [];
el se
di sp(' THERE | S SOVETHI NG WRONG IN SWTCH CASE ''C "' ');
disp(' ');
end % f2
% NGED BEAMS
case 'H

if (massTip == 0)
% NR bendi ng coefficients
| oad yntecoef.mat *HLMS;
a0 = aOHLMs;
al00 = pol yval (al00HLMS, nt nD) ;
al05 = pol yval (al05HLMS, nt nD) ;
all0 = pol yval (all0HLMS, nt D)
if (EItEIO0 == 1)

al = allo;
elseif (EItEIO == 0.5)
al = al05;
elseif (EItEIO == 0)
al = al0o0;
el se
al = polyval (polyfit([0.0; 0.5; 1.0],[al00; al05; all0],2),EItEI0);
end
a200 = pol yval (a200HLMS, nt nD) ;
a205 = pol yval (a205HLMS, nt nD) ;

a210 = pol yval (a210HLMS, nt nD) ;
if (EItEIO0 == 1)

a2 = a210;
elseif (EItEIO == 0.5)

a2 = az205;
elseif (EItEIO == 0)

a2 = a200;
el se

a2 = polyval (polyfit([0.0; 0.5; 1.0],[a200; a205; a210],2),EItEI0);
end
a300 = pol yval (a300HLMS, nt nD) ;
a305 = pol yval (a305HLMS, nt nD) ;
a310 = pol yval (a310HLMS, nt nD) ;

it (EItEIO == 1)

a3 = a310;

elseif (EItEIO == 0.5)
a3 = a305;

elseif (EItEIO == 0)
a3 = a300;

el se

a3

pol yval (pol yfit([0.0; 0.5; 1.0],[a300; a305; a310],2),EItEI0);
end

% zero-of fset coefficients

KOO = KOOHLMs;

K0100 = pol yval (KO100HLMS, nt nD) ;

K0105 = pol yval (KO105HLMS, nt nD) ;

K0110 = pol yval (KO110HLMVS, nt nD) ;
if (EItEIO0 == 0)

K01 = KO0100;
elseif (EItEIO == 0.5)
K01 = KO0105;
elseif (EItEIO ==1)
K01 = KO0110;
el se

K01 = pol yval (polyfit([0.0; 0.5; 1.0],[K0100; K0105; K0110],2),EItEI0);
end
K0200 = pol yval (KO200HLMS, nt nD) ;
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K0205 = pol yval (KO205HLMS, nt nD) ;
K0210 = pol yval ( KO210HLMVS, nt nD)
if (EItEIO0 == 0)

K02 = K0200;
elseif (EItEIO == 0.5)

K02 = K0205;
elseif (EItEIO ==1)

K02 = K0210;
el se

K02 = pol yval (polyfit([0.0; 0.5; 1.0],[K0200; K0205; K0210],2),EItEI0);
end
K0300 = pol yval (KO300HLMVS, nt nD) ;
K0305 = pol yval (KO305HLMS, nt nD) ;
K0310 = pol yval (KO310HLMS, nt nD) ;
if (EItEIO0 == 0)

KO3 = K0300;
elseif (EItEIO == 0.5)

KO3 = K0305;
elseif (EItEIO ==1)

K03 = K0310;
el se

KO3 = pol yval (pol yfit([0.0; 0.5; 1.0],[K0300; KO0305; K0310],2),EItEIO0);
end
% of f set-correction factors
Kh10 = pol yval (Kh10XXHLMS, nt nD) ; %86

Kh1100 = pol yval (Kh1100HLMS, nt nD) ;
Kh1105 = pol yval (Kh1105HLMS, nt nD) ;
Kh1110 = pol yval (Kh1110HLMS, nt nD);

if (EItEIO0 == 0)

Kh1l = Kh1100;
elseif (EItEIO == 0.5)

Kh1l = Kh1105;
elseif (EItEIO ==1)

Kh1l = Kh1110;
el se

Kh1l = polyval (polyfit([0.0; 0.5; 1.0],[Kh1100; Kh1105; Kh1110],2),EItElI0);
end
Kh1200 = pol yval (Kh1200HLMS, nt nD) ;
Kh1205 = pol yval (Kh1205HLMS, nt nD) ;
Kh1210 = pol yval (Kh1210HLMS, nt nD) ;
if (EItEIO0 == 0)

Kh12 = Kh1200;
elseif (EItEIO == 0.5)

Kh12 = Kh1205;
elseif (EItEIO ==1)

Kh12 = Kh1210;

Kh12 = polyval (polyfit([0.0; 0.5; 1.0],[Kh1200; Kh1205; Kh1210],2),EltEl0);

pol yval (Kh1300HLMS, nt nD) ;
pol yval (Kh1305HLMS, nt nD) ;
Kh1310 = pol yval (Kh1310HLMS, nt nD) ;
if (EItEI0 == 0)

Kh13 = Kh1300;
elseif (EItEIO == 0.5)

Kh13 = Kh1305;
elseif (EItEIO ==1)

Kh13 = Kh1310;
el se

Kh13 = polyval (polyfit([0.0; 0.5; 1.0],[Kh1300; Kh1305; Kh1310],2),EltEl0);

Py
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=
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end
el seif (~isenpty(massTip))
| oad yntecoef.mat *NUHM ;
if isenpty(tetaOsqNUHM )
a0 = [];
el se
a0 = polyval (tetaOsgNUHM , rr); %when tetaOsgNUHM is enpty, POLYVAL results
to zero for every rr.

end

al = polyval (tetalsgNUHM ,rr);
a2 = polyval (teta2sgNUHM , rr);
a3 = polyval (teta3sgNUHM , rr);

if isenpty(KOONUHM )
KOO =[]
el se
KOO = pol yval (KOONUHM , rr); 9%when KOONUHM is enpty, POLYVAL results to zero
for every rr.
end
K01l = pol yval (KOINUHM ,rr);
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K02 pol yval (KO2NUHM , rr);

K03 pol yval (KO3NUHM , rr);
Kh10 = []; Kh11l = []; Kh12 = []; Kh13 = [];
el se
di sp(' THERE | S SOVETHI NG WRONG IN SWTCH CASE ''H "' ');
disp(' ');
end %f2
ot herw se
di sp(' HOW CAN upper (cantHing(1l)) BE DIFFERENT FROM''C "' or '"H"'? ');
disp(’ ");

end %w tchl
O
% MAKI NG THE CALCULATI ONS FOR ROTATI NG BEAM FREQUENCI ES:
if (~isenpty(a0))
WONRsq = (aO"Z*(rrel ast *mi nert 0/ maLenO/ bl engt h"4)).*(30/ pi )"2; Y% cycles/ m nute] "2
if massTip == 0
KO = KOO + (Khl10 * eoffset);
el se
KO = KOO;
end
w0sg = WONRsq + (KO .* rtrSpdRng."2);
el se
KO = [];
wosq = [];
di sp(' WARNI NG The rigid body bendi ng node cannot be cal cul ated because the Sout hwel |
coefficients are');

di sp(’ enpty for the Oth-npde. The beam may be cantil ever for which the Oth-
nmode Southwel |l ');
disp(' coefficients are enpty...");
di sp(’ Check below. If the beamis Cantil ever, there is no problem"');
if upper(cant H ng(1l)) =='C
di sp( THE BEAM | S CANTI LEVER. THERE IS NO Oth MODE FOR CANTI LEVER
BEAMS. ') ;
el sei f upper(cant H ng(l)) =="'H
di sp(’ THE BEAM | S HI NGED. THERE MUST BE A Oth MODE!');
el se
di sp(’ HEY, WHAT''S THE PROBLEM? | SN 'T THE BEAM CANTI LEVER OR HI NGED?' ) ;
end
disp(' ');

end

WINRsq = (al”2*(nel ast*m nert 0/ maLen0/ bl engt h"4)).*(30/pi )"2; %cycles/ m nute]”2
if massTip == 0
K1 = KO1 + (Khll * eoffset);
el se
K1 = KO1;
end
wlsg = WINRsq + (K1 .* rtrSpdRng."2);

W2NRsq = (a2"2*(rre| ast *m nert 0/ maLenO/ bl engt h*4)).*(30/ pi )"2; % cycl es/ m nute] "2
if massTi p ==
K2 = K02 + (Kh12 * eoffset);
el se
K2 = K02;
end
w2sg = W2NRsq + (K2 .* rtrSpdRng."2);

W3NRsq = (a3"2*(nel ast *mi nert 0/ maLenO/ bl engt h"4)).*(30/pi)"2; %cycles/ mnute]”2
if massTip == 0
K3 = KO3 + (Kh13 * eoffset);
el se
K3 = KO03;
end
w3sg = W3NRsq + (K3 .* rtrSpdRng."2);

O

% | NCORPORATI NG NECESSARY CORRECTI ONS:

%i gure-2: (uniform hinged beam w thout a tip nass)
% 3% error correction for all rot-spd-prtr val ues)
if ( (((upper(cantHl ng(l)) =='H) & (massTip == 0)) & (eoffset <= 0.10)) & .
(((m > 0.995) & (nmtnD <=1)) & ((EItEIO0O > 0.99) & (EItEIO <= 1))) ) %l nost

I'i near
cccl = (0.03/1.03/2) * (1 + 2 * Kl);
ccc2 = (0.03/1.03/2) * ((W2NRsg/ wlNRsQ) 2);
ccc3 = (0.03/1.03/2) * ((W3NRsqg/ wiNRsQq) 3);
wlsg = wlsqg - (cccl .* (rtrSpdRng.”"2));
w2sgq = w2sq - (ccc2 .* (rtrSpdRng.”"2));
w3sg = w3sq - (ccc3 .* (rtrSpdRng.”"2));
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end

oFigure-5: (uniformcantilever beans with (0%-10% offset)
% respectively 9.7%8.3%error correction for high [>2] rotational -speed paraneter
val ues)
if ( ((upper(cantHing(l)) =='C) & (massTip == 0))
(((eoffset > 0. 001) & (eof fset <= 0. 10)) & (((mrro > 0.995) & (nmtnD <= 1)) & .
((EItEIO > 0.99) & (EItEIO <= 1)))) )
hhh = 2; % ayl eigh results assuned accurate for rot-spd-prtr < 2.
cccl = ((0.097 - 0.14 * eoffset)/(1.097 - 0.14 * eoffset)) * (1/(35.000001-hhh)) * (1
+ 35 * Ki1);
cccll = (hhh * WLNRsq) .* ones(size(rtrSpdRng));
%

gii = max(size(rtrSpdRng)) + 1;
rrpRtrSpd = rtr SpdRng; Y%reati ng a rotor speed range to be used in error correction
ile (gii <= (rmx(5|ze(rtrSdeng))+1))
ii =gii -
i f ((rtrSdeng(gll)"Z/ WLNRsq) < hhh)
for hii = 1:qii,
teerRtrSpd(hll) = 0;
cccli(hii) = 0;
end
gii = max(size(rtrSpdRng)) + 10; %getting out of WH LE | oop
end %f3
end %hil e2

wlsg = wlsqg - (cccl .* (tenpRtrSpd.~2 - cccll));
tempRirSpd = [];
end %f1l

oFigure-6: ("linear" cantilever beans with (0%10% offset)
% respectively 9.7%8.3%error correction for high [>2] rotational -speed paraneter
val ues)
if ( ((upper(cantHing(l)) =='C) & (massTip == 0))
(((eoffset > 0. 001) & (eof fset <= 0. 10)) & (((mrro < 0.005) & (nmtnD >= 0)) & .
((EItEIO < 0.01) & (EItEIO >= 0)))) )
hhh = 4; % ayl eigh results assuned accurate for rot-spd-prtr < 4.
cccl = ((0.11 - 0.16 * eoffset)/(1.11 - 0.16 * eoffset)) * (1/(35.000001-hhh)) * (1 +
35 * K1);
cccll = (hhh * WLNRsq) .* ones(size(rtrSpdRng));
%
gii = max(size(rtrSpdRng)) + 1;
tenmpRirSpd = rtrSpdRng; %reating a rotor speed range to be used in error correction
whil e (g|| <= (rmx(5|ze(rtrSdeng))+1))
gii gii -
if ((rtrSdeng(gll)"Z/ WLNRsq) < hhh)
for hii = 1:qii,
terrpRtrSpd(hll) = 0;
cccli(hii) = 0;
end
gii = max(size(rtrSpdRng)) + 10; %getting out of WHI LE | oop
end %f3
end %hil e2
wlsq = wlsqg - (cccl .* (tenpRtrSpd.~2 - cccll));
tempRirSpd = [];

end %f1l

oFigure-7: (uniformand "linear" cantilever beans with zero of fset)

% 10% error correction for hi gh [>2] rot atlonal speed paraneter val ues)
if ( ((upper(cantHing(1l)) =='C) & (massTip == 0)) & .

((eoffset <= 0.001) & (((nmtnmD >= 0) & (ntnD <= 1)) & .
(EItEIO >= 0) & (EItEIO <= 1))))
hhh = 2; % ayl ei gh results assuned accurate for rot-spd-prtr < 2.
cccl = (0.1/1.1) * (1/(35.000001-hhh)) * (1 + 35 * K1);
cccll = (hhh * wWiNRsq) .* ones(size(rtrSpdRng));
%

gii = max(si ze(rtrSpdRng)) + 1;
rrpRtr Spd = rtrSpdRng; %:reatlng a rotor speed range to be used in error correction
ile (gii <= (max(size(rtrSpdRng))+1))
il =gii - 1
if ((r trSdeng(gll)"Z/ WLNRsq) < hhh)
for hii = 1:gi
terrpRtrSpd(hll) = 0;
cccli(hii) = 0;
end
gii = max(size(rtrSpdRng)) + 10; %getting out of WHI LE | oop
end %f3
end %hil e2

wlsq = wlsq - (cccl .* (tenpRirSpd.~2 - cccll));
tempRtrSpd = [];
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end % f1l

oFigure-8: (uniformcantilever beamw zero offset and w tip nass)
% %43 error correction for high [>5] rotational -speed parameter and for all r val ues)
if ( ((upper(cantHing(1l)) =='C) & (nmassTip > 0)) & (eoffset <= 0.001 & ... %ero or
very small offset
(mtnmD > 0.995) & (ntnD <= 1)) & ((EItEIO0O > 0.99) & (EItEIO <= 1)))) ) %inear
or alnost |inear
hhh = 5; %or rot-spd-prtr <=5, the result is assuned to be accurate.
cccll = ((0.13/1.13) * (1 + 200 * K1)) / (200.00001 - hhh);

cccl2 (hhh * WANRsq) .* ones(size(rtrSpdRng));
%
gii = rmx(size(rtrSdeng)) + 1;

tempRtrSpd = rtrSpdRng; %reating a rotor speed range to be used in error correction
while (gii <= (max(size(rtrSpdRng))+1))
gii =gii - 1;
i f ((rtrSdeng(gll)"Z/ WLNRsq) <= hhh)
for hii = 1:qii,
terrpRtrSpd(hll) = 0;
cccl2(hit) = 0;
end
gii = max(size(rtrSpdRng)) + 10; %getting out of WH LE | oop
end %f3
end %hil e2
wlsg = wlsqg - (cccll .* (tenpRtrSpd.”~2 - cccl2));
tempRtrSpd = [];
end %f1

O
% ANGLE OF ATTACK COVPUTATI ONS:
if (~isenpty(alfa))
if (length(alfa) == 1)
tempKsi = (sin(alfa) .* rtrSpdRng."')."2;
tempKsi R = (rtrSpdRng." * sin(alfaR ')).”2; %...R is for plotting purposes
only.

if (~i serrpty(V\,Osq))
woksi = w0sqg.' - tenpKsi;
woksi R = (wW0sq.' * ones(size(alfaR'))) - tenmpKsiR;
el se
woksi = [];
woksi R = [];
end
wlksi = wlsqg.' - tenpKsi;
w2ksi = w2sqg.' - tenpKsi;
w3ksi = w3sq.' - tenpKsi;
wlksi R = (wlsq.' * ones(size(alfaR '))) - tenmpKsiR;
w2ksi R = (w2sq.' * ones(size(alfaR'))) - tenmpKsiR;
w3ksi R = (w3sq.' * ones(size(alfaR '))) - tenpKsi R
tempKsiMd = (rtrSpdRng.' .* sin(alfaMd)).”2; %...Md is for plotting purposes
only.
el se

enpKsi = (rtrSpdRng.' * sin(alfa.')).”2;
tempKsiMd = (rtrSpdRng.' .* sin(alfaMd)).”2; %...Md is for plotting purposes
only.
if (~i serrpty(\/\,Osq))
woksi = (\M)sq * ones(1,length(alfa))) - tenpKsi;

woksi M d wlsqg.' - tenpKsi M d;
el se
woksi = [];
woksiMd = [];
end
wlksi (Wlsq * ones(1,length(alfa))) - tenpKsi;
wlksi M d = qu - tenmpKsi M d;
w2k si (\/\/qu * ones(1, Iength(alfa))) - tenpkKsi;
w2ksi M d = \Aasq - tenpKsiMd
w3ksi (w3sq.' * ones(1, Iength(alfa))) - tenpKsi;
w3ksi M d = w3sq.' - tenpKsi M d;
end
end

O

% OQUTPUT ARGUMENTS:
wlynte = wlsq. 0. 5;
w2ynt e w2sg. 0. 5;
w3ynt e w3sq. *0. 5;
woynte = w0sq. 0. 5;
if woynte == []
woynte = O;

end
for ss = 2:1ength(rtrSpdRng),
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if (rtrSdeng(ss) >= opRtrSpd) & (rtrSpdRng(ss-1) < opRtrSpd)
rlim= ss -
end
end
wlop = wilynte(rlim+((wlynte(rlimtl)-wlynte(rli *(
rtrSpdRng(rlim)/(rtrSpdRng(rliml)-rtrSpdRng(
w2op = w2ynte(rlim+((w2ynte(rlimtl)-w2ynte(rlin))*(
rtrSpdRng(rlim)/(rtrSpdRng(rliml)-rtrSpdRng(rlim))
w3op = w3ynte(rlim+((w3ynte(rliml)-wdynte(rlin))*(opRt
. . (

if Iength(rtrSdeng) == | engt h(w0ynt e)
woop = woynte(rlim+((woynte(rlimtl)-woynte(rli
rtrSpdRng(rlim)/(rtrSpdRng(rliml)-rtrSpdRng(rlin));

—
*
—~
o
go]
-
w
°
&

el se

woop = O;
end
wlynt = [wlop wlynte];
w2ynt = [w2op w2ynte];
w3ynt = [w3op w3ynte];
woynt = [wOop woynte];

if (~isenpty(alfa))
if length(alfa) ==

wlkt = wilksi;
w2kt = w2ksi ;
w3kt = w3ksi ;
if (~isenpty(w0sq))
wokt = wOksi ;
el se
wokt = [];
end
el se
wlkt = wlksi M d;
w2kt = w2ksi M d;
w3kt = w3ksi M d;
if (~isenpty(w0sq))
wokt = wOksi M d;
el se
wokt = [];
end
end
wlksisqrt = wlkt.”0.5;
w2ksi sqrt = wkt. 0. 5;
w3ksi sqrt = wskt. 0. 5;
woksi sqrt = woOkt. 0. 5;

% fi ndi ng frequencies for opRtrSpd:
for ss = 2:1ength(rtrSpdRng),
if (rtrSpdRng(ss) >= opRtrSpd) & (rtrSpdRng(ss-1) < opRtr Spd)
rlim=ss - 1,
end
end
wlkop = wiksisqgrt(rlim+((wlksisqrt(rlimtl)-wlksisqrt(rlim)*(opRtrSpd-
rtrSdeng(rIlnj)/(rtrSdeng(rIlrni-l)-rtrSdeng(rIlnj))
w2kop = w2ksisqgrt(rlim+((w2ksisqrt(rlimtl)- \A/ZkSlsqrt(rllrr)) (opRtr Spd-
rtrSdeng(rIlnj)/(rtrSdeng(rIlmkl)-rtrSdeng(rIlnj))
w3kop = w3ksisqgrt(rlim+((w3ksisqrt(rliml)- \/\BkSlsqrt(rllnj) (opRtr Spd-
rtrSdeng(rIlrr))/(rtrSdeng(rIlrni-l)—rtrSdeng(rIlrr)))
if length(rtrSpdRng) == size(woksisqrt, 1)
wokop = kasisqrt(rIinj+((kasisqrt(r|im+1)-kasisqrt(r|inj)*(opRtrSpd-
rtrSpdRng(rlim)/(rtrSpdRng(rliml)-rtrSpdRng(rlin));
el se

wokop = 0
end
wlksisqrt = [wlkop ; wlksisqrt];
w2ksisqrt = [w2kop ; w2ksisqrt];
w3ksisqrt = [w3kop ; w3ksisqrt];
woksi sqrt = [wOkop ; wOksisqrt];
el se
wlksisqrt = wlynt."';
w2ksisqrt = w2ynt."';
w3ksisqrt = w3ynt."';
woksi sqrt = wlynt."';
end

omegaRng = [opRtrSpd rtrSpdRng];
if (nargout == 5)

var ar gout {}; Ysuppressing error output display.
el sei f (nargout == 6)
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varargout = {{a0, al, a2, a3, KO, K1, K2, K3, K00, K01, K02, KO3, Kh10, Kh11, Kh12, Kh13}}; %eout put

is acell array!
elseif ( (nargout == 9) & (~isenpty(alfa)) )
varargout = {wlksisqrt,w2ksi sqrt, wdksi sqrt, woksi sqrt}; %output is a cell array!
elseif ( (nargout == 10) & (~isenpty(alfa))
varargout = {{a0, al, a2, a3, KO0, K1, K2, K3, K00, K01, K02, KO3, Kh10, Kh11, Kh12, Kh13},
wlksi sqrt, w2ksi sqrt, wdksi sqrt, woksi sqrt}; %output is a cell array!

el seif (nargout == 0)

el se
di sp(' ATTENTI ON: The nunber of output argunents is not 5, 6, 9, 10;');
di sp(’ or it is 9 or 10 but AoA expression is enpty!...");
di sp(’ The output argunents nay be inproper.');
disp(" ")

end

O

% SOUTHWELL PLOT:
if ( (flagSouth == 1) | (flagSouth == 2) )
bii = 0;
Wmle(bll >= 0)
bii = bii + 1;
if ((bii * max(rtrSpdRng)) > max([wlynte wlynte w2ynte w3ynte]))

nnn = bii + 1, %vaxi rumn value of n-per-rev on the plot
bii = -9; 9%etting out of WHI LE | oop
end
end
figure;
if ((~isenmpty(woynte)) & (size(wdynte) == size(rtrSpdRng)))
plot(rtrSpdRng, woynte,'r-","linewmdth',2); hold on;
text(rrax(rt rSdeng) , max(woynte), '
w_0' color r',' fontsize',12,' fontweight', ' bold);
egz ="'
el se
di sp([' Ot h-nmpbde Bendi ng Frequency can not be plotted... Its value is (may be

emptyl): ' nun2str(woynte)]);
disp('But it is assumed to be (1.03 * 1P) which is plotted for exanple.');
disp(' ');
pl ot(rtrSdeng 1.03.*rtrSpdRng, 'r--"',"'linewidth',2); hold on;
text (max(rtrSpdRng), max(1. 03. *rtr SpdRng),"'
W_O','color','r','fontsize',12,'fontweight','bo|d');
egz = 'Exanple ';
end
pl ot (rtrSpdRng, wlynte, 'gs-'); hold on;
text(rmx(rtrSdeng) rmx(\/\n.ynte),
w1l ,'color','g", ontS|ze , 12, fontwei ght', ' bold);
pl ot(rtrSdeng w2ynte, ' nd-'); hold on;
text (max(rtrSpdRng), max(w2ynte), '
W_2','color','m,'fontsize',lZ,'fontweight','boId');
pl ot (rtrSpdRng, w3dynte, ' bo-'); hold on;
ext ( rmx( rt rSdeng) , max(w3ynt e) 5

W3 "color','b',"'fontsize' "fontweight',"bold);
plo (opRtrSpd [0 max(rtrSdeng) hnn/ 100: max(rtrSdeng) nnn],'cx-'); hold on;
for iil = 1:nnn,
Iot(rtrSdeng rtrSpdRng. *iii, " "k:');
text(max(rtrSdeng) max(rtrSdeng *|||) {[" '",nunstr(iii),"P1});
hol d on;
end
if (flagSouth ==

)

title({" SOUTHWAELL PLOT' ' Bl ade Natural Frequencies VS Rotational Speed'});

x| abel (' Rotor Speed, [RPM'); vyl abel (' Bl ade Bendi ng Frequency, [CPM"'); grid
hol d on;

| egend( [egz 'Rigid Body Flapping Mde'],"' 1st Flap Mde',' 2nd Fl ap Mde', "' 3rd
Mbde' , ' Operating Rotor Speed', 2);

986 nfo text on the pl ot:

format short;

text (m n(rtrSpdRng) +11. 33, nax(rtr SpdRng) *nnn*0. 615, {[' Cantil ever or H nged ?

cantHing]; ...
['Blade Length ="' nun2str(blength) ' in.'];[' Root offset (e/L) ="
nusttr(eoffset)];
"'mt/mO ="' nunmstr(mn0)];['El _t/El _0 ="
nunﬂstr(EItEIO)] [CMT/(mO*L) =r =" nurrﬂstr(rr)]
[ Operatlng RPM = ' nusttr(opRtrSpd)]} fontsi ze' ,8);
hol d on;
end
end
%

if ( (flagSouth == 2) & (~isenpty(alfa)) )
if (~isenpty(woksi))
if (size(woksi,?2) ==
plot(rtrSpdRng, woksi . ~0.5,"r:',"linewidth',3); hold on;
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text(rmx(rtrSdeng) rmx(\/\,OkS| "0. 5),"
wk_ s_i_,_0","'color’ 'fontsize', 10,  fontweight', ' bold);

el se
pl ot (rtrSpdRng, woksi M d.~0.5,'r:","linewidth',3); hold on;
text (max(rtrSpdRng), max(woksi M d. 20.5), "' wk s i_, 0, av_e,...
"color','r',"'fontsize',10,' fontweight','bold);
end
egz2 ="'
el se
di sp([' AoA Ot h-npde Bendi ng Frequency can not be plotted... Its value is (may be

enpty!): ' nunmRstr(woksi.”0.5)]);

disp('But it is assunmed to be (1.03*1P - onega”2*si n(AoA)”"2) which is plotted for
exanple.');

disp(" ');

egz2 = 'Exanple ';

if (size(woksi,?2) == 1)
plot(rtrSpdRng, ((1.03 .* rtrSpdRng)."2 - tenpKsi.').”0.5,'r:","linewidth',3);
hol d on;
text(rmx(rtrSdeng) max(((1.03 .* rtrSpdRng).”2 - tenpKsi."').”0.5),
wk s_i_, 0,...
T T T T T color,'r', fontsize' ‘fontwei ght','bold);
el se
pl ot(rtrSdeng ((l 03 .* rtrSpdRng)."2 -
tenmpKsi M d."')."0. "linewidth',3); hold on;
text(rmx(rtrSdeng) max( ( (1. 03 . * rtrSpdRng). "2 - tenpKsiMd.').”"0.5),
wk s i_, 0, av_e
T T T T Color T r " fontsize' ‘fontwei ght', ' bold);
end
end
if (size(wlksi,2) == 1)
plot(rtrSpdRng, wiksi.”~0.5,"g:',"linewidth',5); hold on;
text(rrax(rtrSdeng) rrax(wlk5| 0. 5),"'
wk s i_, 1','color’ "fontsize', 10, ' fontweight','bold);
el se
pl ot (rtrSpdRng, wiksi M d. 0.5, "'g: I|neW|dth',5); hol d on;
te xt(rrax(rtrSdeng) max(Wlk5| Md 0. 5),
wk s i_, 1, av_e, color','g, "fontsize' , 10, ' fontwei ght', " bold");
end
if (size(w2ksi,2) == 1)
plot(rtrSpdRng, w2ksi . ~0.5,"m"',"linewidth',5); hold on;
text(rrax(rtrSdeng) max(v\aksn 0. 5),"'
wk s i_, 2","'color’ "fontsize', 10,  fontweight','bold);
el se
pl ot (rtrSpdRng, w2ksi M d. *0.5,' m" I|neW|dth',5); hol d on;
te xt(rrax(rtrSdeng) max(V\/2k5| Md 0. 5),
wksi_, 2, av_e,'color' ‘fontsize', 10,  fontweight', ' bold);
end
if (size(wdksi,2) == 1)
plot(rtrSpdRng, w3ksi .~0.5,"b:',"linewidth',5); hold on;
text(rrax(rtrSdeng) max(v\BkS| 0. 5),"'
wk s i_, 3 ,"'color',"b",'fontsize',10,' fontweight', ' bold);
el se
pl ot (rtrSpdRng, w3dksi M d. ~0. 5, "' b: I|neW|dth',5); hol d on;
te xt(rrax(rtrSdeng) max(V\Bk5| Md n0. 5),
wk s i_, 3, av_e, color',' b, 'fontsize',10,'fontweight', 'bold);
end

title({" SOUTHAELL PLOT W TH AoA" ' Bl ade Bendi ng Frequencies (with zero and nonzero
AoA) V.S. Rotational Speed DB
x| abel (' Rotor Speed, [RPM'"); yI abel (' Bl ade Bendi ng Frequency, [CPM'); grid on; hold

| egend( [ egz '"Rigid Body Flapping Mde'],'1st Flap Mde','2nd Flap Mdde','3rd Fl ap
' Oper atl ng Rotor Speed', ..
[egzZ Ri gi d Body Fl appi ng Nbde at AoA' ],'1st Flap Mde at AoA','2nd Flap Mdde
at AoA ,'3rd Flap Mdde at AoA',
96 nfo text on the plot:
format short;
text (m n(rtrSpdRng) +11. 33, max(rtr SpdRng) *nnn*0. 4, {[' Cantil ever or Hinged ? ="

cantHlng] .

Bl ade Length = ' nunRstr(blength) ' in."];[' Root offset (e/L) ="
nunﬂstr(eoffset)] ..

mt/mo0 =" nurrfzstr(mrrO)];['EI_t/EI_O ="' nun2str(EItEIQO)];['MT/(mO*L) =
r ="' nurTQstr(rr)] .

' Qperating RPM = ' nunm@str (opRtrSpd)];[' AoA = ' nunRstr(al faM d)

rad' ]}, ' fontsize', 8);
end
%
if ( (flagSouth == 3) & (~isenpty(alfa)) )
figure; hold on;
if (length(alfa) == 1)
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end

if (~isenpty(woksi))
mesh(al faR, rtr SpdRng, woksi R *0. 5) ;

text(m n(aIfaR) rmx(rtrSdeng) max ( max( woksi

si ze' "f ont wei ght','bold");
el se
di sp(' ATTENTI ON: w_0_ksi could not be
enpty...");
disp(* ');
end

mesh(al faR, rtr SpdRng, wiksi R *0. 5);

text(m n(aIfaR) rmx(rtrSdeng) max ( max( wiksi
si ze' "f ont wei ght', ' bold");
rTesh(aI faR, rtrSdeng w2ksi R. 0. 5) ;

text(m n(alfaR) rrax(rtrSdeng) max ( max( w2ksi
si ze' “f ont wei ght' ol
rresh(al faR, rtrSdeng w3ksi R 0. 5);

text(m n(alfaR) max(rtrSdeng) max ( max( w3ksi
size', 12, "f ont wei ght', " bold");
el se
if (~isenpty(woksi))
mesh(al faR, rtr SpdRng, woksi . ~0. 5) ;

text(m n(alfaR) max(rtrSdeng) max ( max( wWoksi .

ize', 12, " f ont wei ght', " bold");
el se
di sp(' ATTENTI ON: w_0_ksi could not be
enpty...");
disp(' ');
end

mesh(al faR, rtrSpdRng, wiksi . 0. 5);
text(m n(alfaR) max(rtrSdeng) max ( max( wiksi
ize', 12, " f ont wei ght'

rresh(al faR rt rSdeng \AQkSl 70.5);

text ( m n(aI faR), rmx( rt r SpdRng) , max( max(w2ksi
ize' "f ont wei ght', " bold");
rTesh(aI faR rt rSdeng w3ksi . 20.5);
text(m n(al faR), rrax(rt r SpdRng) , max( max(w3ksi
ize' font\/\/elght "bold);
end
colorbar; grid on; view 110, 20);
title({' SOUTHWELL MESH FOR AoA
AoA
[rad]");

)
x| abel ( AoA yl abel (' Rot or Speed,
CP

9 nfo text on the plot:

format short;
text (mean(al f aR), mean(rtr SpdRng)/ 3, max( max(w3ksi

=" cantHl ngl; ..

' Bl ade Length ="
nuerstr(eoffset)]
['mt/mO0 ="
nusttr(rr)] .
[ Operating RPM =

fontsize', 8);

nunm2st r (bl engt h)

numgstr(ntno)]; [ El
r ="

rad' 1},

%ol d off;
Oy

_t/El

R 70.5)),

"w k_s_i

.0

plotted by MESH() because it

R 70.5)),

R 70.5)),

R 70.5)),

70.5)),

"w k_s_i

,_1","color
,_2","'color
,_3",'color

0','color'

plotted by MESH() because it

.10.5)),

-"0.5)),

-10.5)),

_1','color
_2','color
3',"'color

' Bl ade Bendi ng Frequencies V.S. Rotational

[RPM");

.70.5))/1.4,{[' Cantilever or

in.'];['Root offset (e/L) ="

0=

nunm@str (opRtrSpd)];[' AcA ="'

nungstr

(al faM d)

,' color'

,'rt,font

is

, ' font

' font

'font

"fonts

is

"fonts

"fonts

"fonts

Speed &

z| abel (' Bl ade Bendi ng Frequency,

H nged ?

num2str (EItEIO)]; [ MT/(mO*L) =

totalruntime = cputine -
di sp([' Total
% Turning Diary off will

runtinmestart;
Run Tine is ' nun2str(total runtine)

\yntemarundi ary\ directory:

Sec.

1)

save a diary text file of this run of Yntema.min the

% (The nunbers after the date in the filenane are the nunbers created by NOW command of

MATLAB)

s

Y% utput for diary file:

di sp([*
di sp([’
di sp(["
disp(['
di sp([’
di sp([* M_T/ (m 0*L)
if ((~|serrpty(a|fa)) & (length(al fa)

Cantilever or Hinged ? ="' cantHi ng(l)])
Bl ade Length ="' nunRstr(blength) '
Root offset (e/L) ="' nunRstr(eoffset)]);
mt/mO0 ="' nun@str(mn0)]);

El _t/EI_O0 =" numzstr(EItEIO)])

=r ="' nuerstr(rr)])

='1))

in. ]),
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di sp([' Angle of Attack = ' nunRstr(alfa) ' rad.']);
elseif ((~isenpty(alfa)) & (length(alfa) > 1))
di sp([' Angl e of Attack (average)= ' nunstr(alfaMd) ' rad.']);

gingp([' Operating Rotor Speed = ' nunm2str(opRtrSpd) ' RPM]);

disp(['R gi d. Bendi ng Frequency (at ', nunstr(opRtrSpd),' RPM ="', nun2str(woop), '
di sp(['CIID:’}Ar]st' Bendi ng Frequency (at ', nunRstr(opRtrSpd),' RPM ="', nun2str(wlop), '
di sp( [C':PS,\élconid Bendi ng Frequency (at ', nunRstr(opRtrSpd),' RPM ="', nun2str(w2op), '
di sp( ['Cﬁ"\l'/lli]r di Bendi ng Frequency (at ', nunstr(opRtrSpd),' RPM ="', nun2str(w3op), '
gisp('CPM])' END OF YNTEMA() FILE ")
diary off;

B. MATLAB® CODE FOR YNTERYGH FUNCTION

function [wn,varargout] = ynterygh(ynR, varargin)

%wn <, an <, Kn> <, KOn, KIn>>] = YNTERYGH(ynR <,'ninter',nlnt> <,'L',blength> <, 'mx', nR>
<,"Elx',E R

% <, 'eofs',eof fset> <, ' omega', rtr SpdRng>)

% his function nunerically calcul ates the bending frequencies of rotating beans fromthe
knowl edge of

% he node shapes of rotating beanms. It is the nethod devel oped by Ynterma who applied
Rayl ei gh approach

% o0 a rotating beam The nethod theoretically gives the exact result, but the precision
of nuneri cal

%onputation here is, as always, directly proportional to the size of ynR vector.

% nput s:

% ynR is the deflection of any node shape. It can be input as the actual/normalized
defl ection

% val ues taken fromlinearly-spaced stations, only as a matrix with one, two,
or three col ums

% and nore than four rows. (Second columm corresponds to first derivative
val ues, whereas

% third colum to second derivative values. |If only one colum, derivatives are
conputed from

% the deflection values.) It can also be input as the coefficients of the
pol ynomi al for

% deflection values, only as a matrix with one, two, or three rows (and any
nunber of col ums)

% correspondi ng to deflection, 1st derivative, 2nd derivative val ues
respectively. You can

% input it as a character or cell array for the distribution expression, e.g.
"sin(x)*xn2'

% in MATLAB® not ati on.

% ninter is the required nunber of linear intervals between zero and bl ade | ength.
The hi gher the

% nlnt, the nore precise the result and the longer the time el apsed. Default is
100.

% L is the blade length. Default is 1 without any units. But you may input the real
val ue in inches.

% nmx is the mass distribution along the blade fromthe root to the tip. You can
input it as a

% constant scal ar, an actual -val ue colum vector corresponding to linearly-
spaced stations,

% a row vector of polynomi al coefficients, or a character array of MATLAB®
expr essi on.

% Default is a constant value, 0.001 | bniin.

% Elx is stiffness distribution along the blade fromthe root to the tip. You can
input it as a

% constant scal ar, an actual -val ue colum vector corresponding to linearly-
spaced stations,

% a row vector of polynom al coefficients, or a character array of MATLAB®
expr essi on.

% Default is a constant value, 1e7 psi-in"4.

% eo)fs is the hinge offset. You can input as an actual value in inches (when eofs
>= 1), as an

% e/L ratio, or a percentage value character ('10% or '9%0 or '1%'). Default
is 0.

% onega is the rotor speed range in RPM Default is [0:5:700].

%Qut put s:
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% wn is the rotating beam bendi ng frequency range corresponding to onega in cycles
per mnute.

% an is the non-rotating beam bendi ng frequency coefficient.

% Kn is the Southwell coefficient.(=KOn+e*Kln)

% KOn is the zero-offset Southwell coefficient.

% Kin is the offset-correction factor for the Southwel|l coefficient.

%

UR<<<<<<<<<<<<<lst.Lt.H E AKIN, Mster of Science in Aeronautical
Engi neeri Ng, >>>3333555555555333555555>

Ur<<<<<<<<<<<<<<<<<<<<Naval Postgraduate School, CA, USA, Septenber
2002, >>>>55555>555555555555555>>>>>>

O

hone;

wnR = [];

YREADI NG VARARG N:
if nargin == 0

| ot rre;
di sp(' PLEASE | NPUT AT LEAST ONE | NPUT ARGUMENT TO YNTERYGH() FUNCTION!'');
el sei f nargl n<1
di sp(' ERROR The nunber of input arguments can not be less than 1 (one).');
di sp(' Early Termi nati on: PLEASE TRY AGAIN W TH PROPER NUMBER OF | NPUT ARGUVENTS! );
disp(" ')
el seif nargl n > 13
di sp(' ERROR The nunber of input argunments can not be nore than 13 (thirteen).');
di sp(' Early Termination: PLEASE TRY AGAIN W TH PROPER NUMBER OF | NPUT ARGUMENTS! ') ;
disp(" ")
end

YOEFAULTI NG

nlnt = 100; %]

blength = 1; %] or [in]

nR = 0.001; %I bnin]

EIR = le7; % psi-int4]

eoffset = 0; %/L or e(>1) or 'e/lL%
rtrSpdRng = [0:5:700]; % RPM

nain = nargin-1;
if (nain >= 1)
nn = 1,
while (nn <= nain),
if (prod(size(varargin{nn}) == [1 6]) & (varargin{nn} == "ninter')) % ook for
nunber of intervals
if ( ((~isenpty(varargi n{nn+1})) & (isnuneric(varargin{nn+l1}))) & ...
((varargl n{nn+l} > 0) & (size(varargin{nn+l}) ==[11])) )
nlnt = varargi n{nn+1};
nn = nn + 2;
el se
nn =nn + 1;
di sp(' WARNING ninter input value is not an appropriate scal ar val ue. ..

di sp(’ ninter is defaulted to 100!");
disp(’ ");
end % f4
el seif (prod(size(varargin{nn}) ==[1 1]) & (varargin{nn} == 'L")) % ook for

bl ade | ength input
if ( ((~isenpty(varargi n{nn+1})) & (isnuneric(varargin{nn+l1}))) & ...
((varargi n{nn+1} > 0) & (size(varargin{nn+l}) ==1[1 1])) )
bl ength = varargi n{nn+1};
nn = nn + 2;

el se
nn = nn + 1;
di sp(' WARNING L input value is not an appropriate scalar value... ");
di sp(’ L is defaulted to 1 (one)!');
disp(" ")
end %f4
el seif (prod(size(varargin{nn}) == [1 2]) & (varargin{nn} == 'nx')) % ook for

mass di stribution input
if (~isenmpty(varargi n{nn+1}))
mR = varargi n{nn+1};
nn = nn + 2;
el se
nn =nn + 1;

di sp(' WARNING nx input value is enpty or zero or negative... ');
di sp(’ mk is defaulted to 0.001!");
disp(' ');
end %f4
el seif (prod(size(varargin{nn}) ==[1 3]) & (varargin{nn} == "EIx')) % ook for

stiffness distribution input
if (~isenpty(varargi n{nn+l1}))
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ElI R = varargi n{nn+1};
nn = nn + 2;

el se
nn = nn + 1;
di sp(' WARNI NG Elx input value is enpty or zero or negative... ");
di sp(’ Elx is defaulted to le7!');
disp(" ")
end % f4
el seif (prod(size(varargin{nn}) == [1 4]) & (varargin{nn} == 'eofs')) % ook for

hi nge of fset input
if ( ((~isenpty(varargin{nn+1})) & ((isnuneric(varargi n{nn+1})) |
(i schar(varargin{nn+1})))) )
eof fset = varargi n{nn+1};
nn = nn + 2;
el se
nn = nn + 1;
di sp( V\ARNI NG Hi nge offset (eofs) input value is not an appropriate

scal ar val ue. BDE
dISp( Hi nge offset (eofs) is defaulted to O (zero)!');
disp(* ');
end %f4
el seif (prod(size(varargin{nn}) == [1 5]) & (varargin{nn} == 'omega')) % ook for

rotor speed range input
if ( ((~isenpty(varargi n{nn+1})) & (isnuneric(varargi n{nn+1}))) & ...
(prod(varargi n{nn+l} >= 0)) )
rtrSpdRng = varargi n{nn+1};

rtrSpdRng = rtrSpdRng(:);
nn = nn + 2;

el se
nn = nn + 1;

di sp( V\ARNI NG Rot or Speed (onega) input value is not an appropriate
nureric val ue. ")
di sp( Rot or Speed (onega) is defaulted to [0:5:700] RPM"');
disp(" ");
end %f4
el se
nn = nn + 1;
di sp(' ERROR  An input argument could not be attributed to any variable and
was di sregarded."');

di sp(’ The other inputs may be attributed. But do not count on the
results you get!');
di sp(" ALTHOUGH THE PROGRAM MAY RUN, PLEASE CHECK YOUR | NPUT ARGUMENTS
AND TRY AGAIN ' );
disp(* ");
end %f3
end %hil e2

end %f1
= [0: (bl ength/nlnt):blength];

%Rear rangi ng varargin

i nputs:
di sp(' YNTERYGH() | NPUT VALUES: ');
di sp(’ ")
di sp(['Blade Length ="' nun®str(blength)]);
if (size(nR) == [1 1])
di sp([' Mass Distribution = constant ="' nunstr(nR)]);
mR = nR *ones(size(xr));
elseif (size(nmR 1) == 1) %ssunme as pol ynom al coefficients
di sp([' Mass Distribution Polynomal ="' char(poly2symnR)) ]);
mR = pol yval (nR, xr);
elseif (size(nR 2) == 1) %ssunme as actual mass val ues
di sp([' Mass Distribution Actual Values = [root: ' numRstr(mR(1))
numstr (nmR(length(nR))) ' :tip]l']);
mR = 1i nkspor(nR, bl ength, nint);
R = nR;
elseif i schar(rTR)
di sp([' Mass Distribution Expression ="' nR]);
tmR = nR ;
tnR = nR(:)";
R = |n||ne(tnR)
mR = nRi (xr);
el se
di sp(’ ERRO? mx val ue coul d not be recogni zed. PLEASE TRY AGAIN ") ;
disp(* ");
end %f1
if (size(EIR) == [1 1])
disp(['Stiffness Distribution = constant ="' nunstr(EIR) ]);
EIR = EIR *ones(size(xr));
elseif (size(EIR 1) == 1) %assunme as pol ynom al coefficients
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di sp([' Stiffness Distribution Polynonmial ="' char(poly2sym EIR)) ]);
ElI R = pol yval (EI R, xr);

elseif (size(EIR 2) == 1) %ssune as actual stiffness val ues
disp(['Stiffness Distribution Actual Values = [root: ' nun2str(EIR(1))
num2str (EIR(l ength(EIR))) ' :tip]']);
EIR = linkspor (EIR, bl ength, nlnt);
EIR = EIR;
el self i schar (EI R)
sp(["Stiffness Distribution Expression ="' EIR]);
tEIR: EIR ;
tEIR = tEIR(:)"
EIR = inli ne(EIR)
EIR = EIRi (xr);
el se
di sp(' ERROR Elx value coul d not be recogni zed. PLEASE TRY AGAI N ');
disp(" ")
end %f1l
if ischar(eoffset) %rust use the % mark anywhere in the '...', e.g. '10% or '9%0' or
100"
tefs = [1];
for jj = 1:length(eoffset),
if (eoffset(jj) ~="'"%)
tefs = [tefs eoffset(jj)]
end %f3
end % or2

if (str2nun(tefs) >= 100)
eoffset = 0;
di sp(' WARNI NG Hi nge offset (eofs) percentage value is nore than or equal to

100%..");
di sp(’ It is assunmed to be zero!');
disp(" ");
end
eof fset = str2nun{tefs) * blength / 100;
el seif (eoffset == 0)

el sei f ((eoffset < 1) & (eoffset < blength)) %/L
eof fset = eoffset * blength; %
di sp(' VARNI NG Hi nge offset (eofs) value is less than 1 (one) and | ess than bl ade
Iength ")
di sp("’ It is reconputed to be eofs*L!");
disp(" ')
el sei f (eoffset >= bl engt h)
di sp(' ERROR Hinge offset (eofs) value can not be | arger than bl ade | ength. PLEASE
TRY AGAIN!");
disp(" ")
el se
di sp(' ERROR Hinge offset (eofs) value could not be recognized. PLEASE TRY AGAIN ');
disp(" ");
end %f1l
disp(['Root offset (e) ="' nunRstr(eoffset)]);
di sp([' Rotor speed range = [ ' nusttr(rtrSdeng(l))
nurTQstr(rtrSdeng(length(rtrSdeng))) 1D

di sp([' Nunber of intervals ="' nunmRstr(nint)]);
dISp([ x-range = [ 0 : ' nunmRstr(blength/nint) ' : ' nunRstr(blength) ' ]'1);
disp(* ');

%Jnit conver si ons:

EIR =ER ./ (32.174 * 12); Y%onverting psi to | bmin-sec”"2: [psi/(32.174*12)=l b i n-
sec”?].

rtrSpdRng = rtrSpdRng .* (pi/30); %onverting RPMto rad/sec.

YREADI NG y_n:
if (isenpty(ynR) | (ynR == 0))
wnR = O;

elseif ( (~isempty(ynR)) & (isnuneric(ynR)) )
if (size(ynR 1) == 1) %nly one row => assune its el enments are pol ynoni al
coefficients. ..
di sp(' ATTENTI ON: There is only one row for the yn-input argunent.');
di sp(’ Val ues have been assuned to be el enents of pol ynom al
coefficients!');
switch size(ynR 2)
case 1 %one col um
di sp(' ATTENTI ON:  The nunber of columms is one.');
di sp(’ Val ue has been assuned to be scalar and its derivatives
zero!');
di sp(* ')
yn = ynR *xr %def| ecti on.
ydn = 0.*xr; %irst derivative.
yddn = 0. *xr; %econd derivati ve.
ot herwi se %rore than one col um
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di sp(' ATTENTI ON: The nunber of columms is nore than one.");
di sp(’ Derivatives will be conputed fromdeflection values:"');
ynpoly = ynR;

yn = pol yval (ynpoly, xr);

%irst derivative:

ynsym = pol y2syn(ynpol y) ;

ydnsym = di ff (ynsym;

ydnpoly = syn2pol y(ydnsym ;

ydn = pol yval (ydnpol y, xr);

di sp(’ yn'' is conputed fromyn."');

Y%second derivative:

yddnsym = di ff (ydnsym) ;

yddnpol y = synRpol y(yddnsynj;

yddn = pol yval (yddnpol y, xr);

di sp("’ yn'''' is conputed fromyn''.");
disp(’ ');
end %W tch3
elseif (size(ynR 1) == 2) %nly two rows => assune its el ements are pol ynoni al

coefficients.
di sp(’ ATTENTI ON: There is only two rows for the yn-input argunent...');
di sp(’ The val ues have been assuned to be el ements of pol ynom al
coeffici ents!');
switch size(ynR 2)
case 1 %one col um
di sp(' ATTENTI ON: The nunber of columms is one.

di sp(’ Deflection and first derivative have been assunmed to be
scal ars!');

di sp("’ Second derivative is assuned to be zero!');

di sp(’ ')'

ynpoly = ynR(1,:); %eflection.
yn = pol yval (ynpol Y, Xr);
ydnpoly = ynR(2,:); %irst derivative.
ydn = pol yval (ydnpol y, xr);
yddn = 0.*xr; %econd derivative.
ot herwi se %ore than one col um
di sp(' ATTENTI ON: The nunber of columms is nore than one.

di sp(’ Deflection and first derivative have been assurred to be
vectors!');
di sp(’ Second derivative will be conputed fromfirst derivative:');

ynpoly = ynR(1,:); %leflection.

yn = pol yval (ynpoly, xr);

ydnpoly = ynR(2,:); % irst derivative.
ydn = pol yval (ydnpol y, xr);

%second derivati ve:

ydnsym = pol y2syn(ydnpol y) ;

yddnsym = di ff (ydnsym);

yddnpoly = synRpol y(yddnsyn);

yddn = pol yval (yddnpol y, xr);

di sp(’ yn'''' is conputed fromyn'"'.");
disp(" ');
end %sw tch3
elseif (size(ynR 1) == 3) %nly three rows => assune its el enents are pol ynomn al

coefficients. ..
di sp(' ATTENTION: There is only three rows for the yn-input argunent.');
di sp(’ Val ues have been assuned to be el enents of pol ynom al
coefficients!');
switch size(ynR, 2)
case 1 %one col um
di sp(' ATTENTI ON: The nunber of columms is one...");
di sp(' Defl ection and derivatives have been assuned to be
scal ars!');
disp(’ ');
ot herw se
di sp(' ATTENTI ON: The nunber of columms is nore than one.
di sp(’ Defl ection and derivatives have been assuned to be
vectors!');
disp(" ");
end %sw tch3
ynpoly = ynR(1,:); %eflection.
yn = pol yval (ynpoly, xr);
ydnpoly = ynR(2,:); %irst derivative.
ydn = pol yval (ydnpol y, xr);
yddnpol y = ynR(3,:); Y%econd derivative.
yddn = pol yval (yddnpol y, xr);
elseif (size(ynR 1) > 3) %ore than 3 rows => assume its elenents are deflections
normalized wt tip.
di sp(' ATTENTI ON: There is more than three rows for the yn- |nput argunent.');
di sp(’ Val ues have been assuned to be deflections!');
switch size(ynR 2)
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case 1 %only one colum
di sp(' ATTENTI ON: There is only one colum...");
di sp(’ Derivatives will be conputed fromdeflection values:');
[yn,ynord, ynxr] = linkspor(ynR(:,1)."',blength,nlnt); %leflections.
ynpoly = pol yfit(ynxr,yn,ynord);
% i1rst derivative:
ynsym = pol y2syn(ynpol y) ;
ydnsym = di ff (ynsym;
ydnpoly = syn2pol y(ydnsyn);
ydn = pol yval (ydnpol y, xr);
di sp(’ yn'' is conmputed fromyn.")
%econd derivative:
yddnsym = di ff (ydnsyn);
yddnpoly = synRpol y(yddnsyn);
yddn = pol yval (yddnpol y, xr);
di sp("’ yn'''' is conputed fromyn''.")
disp(" ');
case 2 %only two col ums
di sp(' ATTENTION: There is only two colums...");
di sp(’ Second derivative will be conputed fromfirst derivative:');
[yn,ynord, ynxr]= linkspor(ynR(:,1)',blength,nlnt); %leflections.
[ydn, ydnord, ydnxr] = linkspor(ynR(:,2)"',blength,nlnt); %irst derivative.
%second derivati ve:
ynpoly = pol yfit(ynxr,yn,ynord);
ydnpoly = pol yfit(ydnxr,ydn, ydnord);
ydnsym = pol y2syn(ydnpol y) ;
yddnsym = di ff (ydnsym ;
yddnpol y = synRpol y(yddnsynj;
yddn = pol yval (yddnpol y, xr);
di sp(’ yn'''' is conputed fromyn''.");
disp(" ')
otherw se %mre than two col ums
di sp(' ATTENTI ON: There are nore than three colums for the yn-input
argunent.');

di sp(’ When there are nore than three colums,');
di sp(’ only first three colums will be used as inputs!');
disp(" ")
yn = linkspor(ynR(:,1)",blength,nint); %leflections.
ydn = linkspor(ynR(:,2)',blength,nlnt); %irst derivative.
yddn = linkspor(ynR(:,3)"',blength,nlnt); %econd derivative.

end %sw tch3

el se

yn = 0.*xr;

ydn = 0. *xr;

yddn = 0. *xr;

di sp(' WARNI NG The input argunent for [yn;yn'';yn""''] nust have:');

di sp(’ -- 1~3 rows AND any nunber of columms, or');

di sp(’ -- More than 3 rows AND 1~3 colums (there may be nore col ums but

they are disregarded)."');
di sp(' (So, whati st heprobl emhere?)');
di sp(' As a precaution, deflection and derivatives have been assuned to be
zero!');
disp(" ");
end %f2
elseif ( (~isempty(ynR)) & ((ischar(ynR)) | iscellstr(ynR)) )
di sp(' ATTENTI ON: The yn-input argunent is of character or cell array of strings
type...");
disp(" ")
if 1scellstr(ynR)
for tt = size(ynR 1),
ynRstr = [];
for ss = 1:size(ynR 2),
ynRstr = [ynRstr char(ynR(tt,ss))];

end % or3
ynR{tt} = ynRstr;
end % or 3
ynR = ynR(:,1); %ell array of one or nore rows and one col um
end %f2

if ischar(ynR)
if size(ynR'1) > 1
ynRchar = [];
for aa = 1:size(ynR 1),
ynRchar = [ynRchar ynR(aa,:)];

end % or4
ynR = ynRchar;
end % f3

ynR = {ynR}; %ell array of one row and one col um

en
if length(ynR) == 1 %only one el ement
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di sp(' ATTENTI ON: There is only one expression in the yn-input argument...
is assuned to be an expression for the deflection!');
be derived fromthis expression:');

di sp(’ It
di sp(’ Derivatives will
ynchar = char(ynR);

ydnchar = char (diff(ynchar));

yddnchar = char (diff(ydnchar));
yni = inline(ynchar);
ydni = inline(ydnchar);
yddni = inli ne(yddnchar)
yn = yni (xr);
ydn = ydni (xr)'
yddn = yddni (xr);
di sp(’

expression!');
disp(' ');

el sei f Iength(ynR) == 2 %nly two el enents

")

1st and 2nd derivatives have been derived fromdeflection

di sp(' ATTENTI O\I There is only two expressions in the yn-input argument...');

di sp(’

deri vative! ")
di sp(’

expression:');
ynchar = char(ynR{l});
ydnchar = char(ynR{2});

char (di ff (ydnchar));

Second derivative will

They are assuned to be expressions for deflection and first

be derived fromthe first derivative

They are assunmed to be expressions for deflection and

If there are nore than three expressions, ');

be di sregarded!

yddnchar =
yni = inline(ynchar);
ydni = inli ne(ydnchar)
yddni = inli ne(yddnchar)
yn = yni (xr);
ydn = ydni (xr);
yddn = yddni (xr);
di sp(
disp(' ');

el sei f | engt h(ynR) >= 3 % hree or nore el enents
di sp(’ ATTEI\ﬂ'I ON: There is nore than two expressions in the yn-input

ar gurrent ")
di sp(’
derivatives!');

di sp(’
di sp(’ the fourth and subsequent expressions will
disp(" ")
ynchar = char(ynR{1});
ydnchar = char (ynR{2});
yddnchar = char (ynR{3});
yni = inline(ynchar);
ydni = inli ne(ydnchar)
yddni = inli ne(yddnchar)
yn = yni (xr);
ydn = ydni (xr);
yddn = yddni (xr);

el se
disp(' ');
di sp(' ERROR Ther ei sanerrorhereatthecel | /charinputsbutwhat?');
disp(" ');
disp(' ');

end %f2

el se

di sp(' WARNI NG There is something wong with the yn-input argunent.');

di sp(’ It is assumed to be zero!l');
disp(’ ');
yn = 0. *xr;
ydn = 0. *xr;
yddn = 0. *xr;
end %f1

s

YCOVPUTATI ONS:
disp(' ');

di sp( YNTERYGH COVPUTATI ON WARNI NGS: ') ;
di sp(" ")

== 0))

if (wR ~=1]]) & (wnR
an = 0;
KOn
K1ln
Kn = 0;
di sp("’ V\ARNING wn,

disp(' ');
el se
bl engt h/ nl

= 0
:o

an, Kn, KOn, Kln val ues

deltax = nt;

are all zero or enpty!');
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XrmR = xr .* nR;

numl deltax .* sumEIR .* yddn."2);

denum = deltax .* sum(nR .* yn."2);

an = ( (nunil ./ denum) .* nR(1) .* blength.”4 ./ (EIR(1)+eps) )."0.5;

varA—[]
for ii = 1: Iength(xrrrR)

varA(ii) = deltax x sunm(xrR(ii:length(xrnR)));
end %or2ii
varB = [];
for jj = 1:1ength( )

varB(jj) = delt * o sum(nR(jj:length(nR)));
end %or2jj

num20 = deltax .* sum(varA .* ydn."2);

num2l = deltax .* sum(varB .* ydn."2);

KOn = nun0 ./ denum

Kin = nunRl ./ denum

Kn = KOn + (eoffset .* Kiln);

wnR = (numl ./ denum + (Kn .* rtrSpdRng.”"2);
end % f 1wnR

wn = wnR .* (30/pi); %onverting fromrad/sec to CPM
nout = nargout-1;

if (nout == 1)
varargout = {an};
el seif (nout == 2
varargout = {an Kn};
el seif (nout == 3)
varargout = {an KOn Kiln};
el seif (nout == 4
varargout = {an Kn KOn Kiln};
end

%end of file - YNTERYGH()...

s

%8ubf uncti on:
function [goster] = plotme()

teta = [0.001:0.1:13*pi ];

XXX = teta.”0.5 ./ csc(teta);

yyy = teta.”0.5 ./ sec(teta);

teta2 = [[2*pi +0.001-0.1:-0.1:0.001] [teta + 2*pi]];

Xxx2 = teta2.70.5 ./ csc(teta2);

yyy2 = teta2.70.5 ./ sec(teta2);

xxx2 = (2. *[zeros(5|ze([2*p| +0. 001-0. 1: - 0. 1: 0. 001])) xxx] + xxx2) ./ 3;
yyy2 = (2.*[zeros(size([2*pi+0.001-0.1:-0.1:0.001])) yyy]l + yyy2) ./ 3;
xxx3 = ([zeros(size([2*pi +0.001-0.1:-0.1:0.001])) xxx] + 2.*xxx2) ./ 3;
yyy3 = ([z eros(5|ze([2*p| +0.001-0.1:-0.1:0.001])) vyyy] + 2.*yyy2) ./ 3;
figure; whitebg(gcf, " black');

axis([-7 7 -7 7]);

title(' PLEASE I NPUT AT LEAST ONE | NPUT ARGUMENT TO YNTERYGH() FUNCTION ' );

hol d on; pause(0.1);
renk = ' kr kbkgkm(cky' ; sekil = 'hoovvddss**p';
for ff = 1:1ength(renk),
tem= [renk(ff) sekil (ff)];
pl ot (xxx, yyy,tem; hold on;
pause(0. 001);
whi t ebg(gcf, renk(13-ff));
end %orl
pl ot (xxx, yyy,tem; hold on;
pl ot (xxx3,yyy3,'rp'); hold on;
pl ot (xxx2,yyy2,'bp'); hold on;
pol ar (teta, ((xxx+0.7).72+(yyy-1.1).72)./160,"'w"');
goster = 'PLEASE | NPUT AT LEAST ONE | NPUT ARGUMENT TO YNTERYGH() FUNCTION ' ;
return

C. MATLAB® CODE FOR YNTEMOSHNR FUNCTION
function [y1INR y2NR, y3NR, var ar gout] =ynt enoshnr ( pl ot Fl ag, cant Hi ng, nt n0, El t El O, var ar gi n)
% yINR, y2NR, y3NR <, xout >] =YNTEMOSHNR(f | agPl ot, cant Hi ng, nt nD, EItEl 0 <, xvar>)

% This file gives the node shapes of nonrotating hinged/cantilever beans by assuming the
nmode shapes of
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% some characteristic nonrotating hinged or cantilever beanms with |inear nass and
stiffness distributions.

%It uses the tables I11& V given in Yntema report to fit a 1lst-degree curve between zero
& 0.5 0r 0.5 &1

% for each given mtip/mO0O and El _tip/El_0O.

% nput s:

% plotFlag is O (zero) if no plot needed or 1 (one) if a plot is needed. |nput 2
(two) or nmore if you want

% each node shape on a different plot.

% cantHing is '"H if the beamis hinged or 'C if cantilever.

% mmd is mtip/mroot. It can be a scalar for linear mass distribution or it can
be a vector which

% wi |l be approximated by a line using the function MAKELI NE() for

cut of f r=cut of f t =0.

% EItEIO is El _tip/El _root. It can be a scalar for linear stiffness distribution or
it can be a vector which

% wi Il be approximated by a line using the function MAKELI NE() for

cut of fr=cut of f t =0.

% (See HELP MAKELI NE() function beforehand in order to get a better

approxi mation for these val ues.)

% xvar is the range of x-values corresponding to the mass and stiffness
distributions. Default is [0::1].

%Qut put :

% yINR, y2NR, y3NR are the node shapes approxi mated from characteristic nonrotating
beans.

% xout is the sanme as xvar.

%

Jr<<<<<<<<<<<<<lst.Lt.H E AKIN, Master of Science in Aeronauti cal
Engi neeri ng, >>>>>>>>>>>>>>>>>>>>>>>>>>

Ur<<<<<<<<<<<<<<<<<<<<Naval Postgraduate School, CA, USA, Septenber
2002. >>>>>>>>>>555>>>S555SSSS555>>>>

Oy

| oad yntenoshcoef. mat;

%Readi ng i nputs:
if (nargin < 4)
pl ot ne;

error (' PLEASE | NPUT AT LEAST FOUR | NPUT ARGUMENTS TO YNTEMOSHNR() FUNCTION!'');

end
ntm= ntno;
EItEl = EItEIO;
if ~prod(5|ze(mm ==[1 1])
mm=ntn:);
end
if ~prod(5|ze(E El) ==[1 1])
EItEl = EItEI(:);
end
if ((nargin > 4) & (length(varargin{1}) == length(ntm))
xvar = varargin{1};
elseif (length(mn > 1)
xvar = [0:(1/(length(mn)-1)):1]."
el se
xvar = [0:0.01:1].";
end
if ~prod(size(mm ==1[1 1])
nmt nrcoef = nakel i ne(ntm xvar);
m m = pol yval (nmt ntoef, xvar);
mm = nmmlength(ntm) / mm(l);
el se
mnm = ntm
end
if ~prod(size(EItEl) ==[1 1])
El t El coef = nmkeline(EltEl, xvar);
EItEl = polyval (EltElcoef, xvar);
EItElr = EItEI(length(EItEl)) / EItEI(1);
el se
EItElr = EItEl,

end

%Conput at i ons:

yl =11

y2 =[];

y3 =[];

xx =[1 0.5 0];

xx1 =[1 0.5];

xx2 = [0.5 0];

switch cant H ng(1)

case {'"H,"'h'}

%.ST MODE: (fit a curve for mtip/mroot and then a curve for El _tip/lE_root)
OEIt/EIO = 1
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ylmlel = pol yval (HrEl y1, xvar);
ylnRel = pol yval (H™2El y1, xvar);
ylnBel = pol yval (Hw&El y1, xvar) ;
ylnel = [];

for ii=1:1ength(xvar),

yyll = [ylmlel(ii) ylnRel(ii) ylnBel(ii)];
ylmel = [ylmel (pol yval (pol yfit(xx,yyll, 2) nmnr))l;

end % or2

YEIt/EIO = 0.5

ylmle2 = pol yval (HrEl x2y1, xvar) ;
ylnRe2 = pol yval (H™2El x2y1, xvar) ;
ylnBe2 = pol yval (HEl x2y1, xvar) ;
ylme2 = [];

for ii=1:1ength(xvar),

yyl2 = [ylmle2(ii) ylnRe2(ii) ylnBe2(ii)];

ylme2 = [ylme2 (pol yval (pol yfit(xx,yyl2, 2) mnr))l;
end % or2
YEIt/EIO =0
ylmie3 = pol yval (HrEl xy1, xvar) ;

ylme3 = pol yval (Hm2El xy1, xvar) ;
ylnB8e3 = pol yval (HmEI xy1, xvar) ;
ylme3 = [];

for ii=1:1ength(xvar),

yyl1l3 = [ylmle3(ii) ylnRe3(ii) ylnBe3(ii)];
ylme3d = [ylme3 (pol yval (pol yfit(xx,yyl3, 2) nmnr))l;
end % or2
Y%t / n0
ylme = [];
for ii=1:1ength(xvar),
yyll = [ylnmel(ii) ylne2(i
yyl2 = [ylme2(ii) ylne3(i
|

I
I
i1f ( (EltEIr <=1) & (E r>0.5)
yyl = pol yval (pol yfit(xx1,yyll,1),EItElr);
elseif ( (EItEIr <= 0.5) & (EItEIr >= 0) )
yyl = pol yval (pol yfit(xx2,yyl2,1),EtElr);
end
ylme = [ylne yyl];
end % or2
9%ND MODE: (fit a curve for mtip/mroot and then a curve for El_tip/lE_root)
UEIt/EIO0 = 1

y2mlel = pol yval (HrEl y2, xvar);

y2n2el = pol yval (H™2El y2, xvar) ;
y2nmB8el = pol yval (HwEly2, xvar);
y2mel = ;

for ii=1:1ength(xvar),

yy21 = [y2mlel(ii) y2nRel(ii) y2nBel(ii)];
y2mel = [y2mel (pol yval (pol yfit(xx,yy21, 2) mn))];

end % or2

Y%EIt/EI0O = 0.5

y2mle2 = pol yval (HrEl x2y2, xvar) ;
y2n2e2 = pol yval (Hm™2El x2y2, xvar) ;
y2nmB8e2 = pol yval ( HwEl x2y2, xvar) ;
y2me2 = ;

for ii=1:1ength(xvar),

yy22 = [y2mle2(ii) y2nmRe2(ii) y2nBe2(ii)];

y2me2 = [y2me2 (pol yval (pol yfit(xx,yy22, 2) mn))];
end % or2
YEIt/EI0O =0
y2mle3 = pol yval (HrEl xy2, xvar) ;

y2n2e3 = pol yval (H™2El xy2, xvar) ;
y2nB8e3 = pol yval (Hm&EI xy2, xvar) ;
y2me3 = ;

for ii=1:1ength(xvar),

yy23 = [y2mle3(ii) y2nRe3(ii) y2nBe3(ii)];
y2me3 = [y2me3 (pol yval (pol yfit(xx,yy23, 2) mn))];

end % or2
%t / n0
y2me = [];
for ii=1:1ength(xvar),
yy21 = [y2mel(ii) y2me2(ii)];
22 = [y2me2(ii) y2me3(ii)];
|f ( (EItEIr <= 1) & (EItEIr > 0.5) )
yy2 = pol yval (pol yfit(xx1,yy21,1),EtElr);
elseif ( (EItEIr <= 0.5) & (EItEIr >= 0) )
yy2 = pol yval (pol yfit(xx2,yy22,1),EtElr);
end
y2me = [y2ne yy2];
end % or2

9%3RD MODE: (fit a curve for mtip/mroot and then a curve for El_tip/lE_root)
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%lIt/EIO =1

y3mlel = pol yval (HrEl y3, xvar);
y3n2el = pol yval (H™2El y3, xvar);
y3nBel = pol yval (HwEl y3, xvar);
y3mel = [];

for ii=1:1ength(xvar),

yy31 = [y3mlel(ii) y3nRel(ii) y3nBel(ii)];
y3mel = [y3mel (polyval (polyfit(xx,yy31,2),mnr))];

end % or2

%It/EI0O = 0.5

y3mie2 = pol yval (HrEl x2y3, xvar) ;
y3n2e2 = pol yval (Hm™2El x2y3, xvar) ;
y3nmBe2 = pol yval ( HnEl x2y3, xvar) ;
y3me2 = [];

for ii=1:1ength(xvar),

yy32 = [y3nlle2(ii) y3nmRe2(ii) y3nBe2(ii)];

y3me2 = [y3me2 (polyval (polyfit(xx,yy32,2),mnr))];
end % or2
YEIt/EI0O =0
y3mLe3 = pol yval (HrEl xy3, xvar) ;

y3n2e3 = pol yval (H™2El xy3, xvar) ;
y3nB8e3 = pol yval (HmEI xy3, xvar) ;
y3me3 = [];

for ii=1:1ength(xvar),

yy33 = [y3mle3(ii) y3nRe3(ii) y3nBe3(ii)];
y3me3 = [y3me3 (pol yval (pol yfit(xx,yy33, 2) mnr))];
end % or2
%t / n0
y3me = [];
for ii=1:1ength(xvar),
yy31 = [y3mel(ii) y3nme2(ii)];
yy32 = [y3me2(ii) y3ne3(ii)];
if ( (EItElr <= 1) & (EItEIrT > 0.5) )
yy3 = pol yval (pol yfit(xx1,yy31,1),EtElr);
elseif ( (EItEIr <= 0.5) & (EItEIr >= 0)
yy3 = pol yval (pol yfit(xx2,yy32,1),EtElr);

end
y3me = [y3ne yy3];
end % or2
case {'C,'c'}
94 ST MODE: (fit a curve for mtip/mroot and then a curve for El_tip/lE_root)
%EIt/EIO = 1
ylmlel = pol yval (CrEl y1, xvar);
ylnRel = pol yval (Cmx2Ely1, xvar);
ylnBel = pol yval (CnxEl y1, xvar);
ylmel = [];
for ii=1:1ength(xvar),

yyll = [ylmlel(ii) ylnRel(ii) ylnBel(ii)];
ylmel = [ylmel (pol yval (pol yfit(xx,yyll, 2) mn))];

end % or2

%It/EI0O = 0.5

ylmle2 = pol yval (CrEl x2y1, xvar) ;
ylnRe2 = pol yval (Cmx2El x2y1, xvar) ;
ylnBe2 = pol yval (CnxEl x2y1, xvar) ;
ylme2 = [];

for ii=1:1ength(xvar),

yyl2 = [ylmle2(ii) ylnRe2(ii) ylnBe2(ii)];
ylme2 = [ylme2 (pol yval (pol yfit(xx,yyl2, 2) mn))];

end % or2

%EIt/EI0O =0

ylmie3 = pol yval (CnEl xy1, xvar) ;
ylnRe3 = pol yval (Cnmx2El xy1, xvar) ;
ylnB8e3 = pol yval (CnxEl xy1, xvar);
ylme3 = [];

for ii=1:1ength(xvar),

yyl3 = [ylmle3(ii) ylnRe3(ii) ylnBe3(ii)];
ylme3 = [ylme3 (pol yval (pol yfit(xx,yyl3, 2) mn))];
end % or2
%t / n0
ylme = [];
for ii=1:1ength(xvar),
yyll = [ylmel(ii) ylne2(ii)];
yyl2 = [ylme2(ii) ylne3(ii)];
if ( (EItElIr <= 1) & (EItEIrT > 0.5) )
yyl = pol yval (pol yfit(xx1,yyll,1),EtElr);
elseif ( (EItEIr <= 0.5) & (EItEIr >= 0)
yyl = pol yval (pol yfit(xx2,yyl2,1),EItElr);
end
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ylme = [ylne yyl];
end % or2
9%ND MODE: (fit a curve for mtip/mroot and then a curve for El_tip/lE_root)
UEIt/EIO = 1
y2mlel = pol yval (CrEl y2, xvar);

y2n2el = pol yval (Cm2Ely2, xvar);
y2nB8el = pol yval (CnxEly2, xvar);
y2nmel = ;

for ii=1:1ength(xvar),

yy21 = [y2mlel(ii) y2nRel(ii) y2nBel(ii)];
y2mel = [y2mel (pol yval (pol yfit(xx,yy21, 2) mn))];

end % or2

Y%EIt/EI0O = 0.5

y2mle2 = pol yval (CrEl x2y2, xvar) ;
y2n2e2 = pol yval (Cmx2El x2y2, xvar) ;
y2nmB8e2 = pol yval (CnxEl x2y2, xvar) ;
y2me2 = ;

for ii=1:1ength(xvar),

yy22 = [y2mle2(ii) y2nRe2(ii) y2nBe2(ii)];

y2me2 = [y2me2 (pol yval (pol yfit(xx,yy22, 2) mn))];
end % or2
YEIt/EI0O =0
y2mLe3 = pol yval (CnEl xy2, xvar) ;

y2n2e3 = pol yval (Cnx2El xy2, xvar) ;
y2nB8e3 = pol yval (CnxEl xy2, xvar) ;
y2me3 = ;

for ii=1:1ength(xvar),

yy23 = [y2mle3(ii) y2nRe3(ii) y2nBe3(ii)];
y2me3 = [y2me3 (pol yval (pol yfit(xx,yy23, 2) mn))];

end % or2
%t / n0
y2me = [];
for ii=1:1ength(xvar),
yy21 = [y2mel(ii) y2me2(ii)];
yy22 = [y2nme2(ii) y2me3(ii)];
if ((EItEIr <= 1) & (EItEIr > 0.5) )
yy2 = pol yval (pol yfit(xx1,yy21,1),EtElr);
elseif ( (EItEIr <= 0.5) & (EItEIr >= 0) )
yy2 = pol yval (pol yfit(xx2,yy22,1),EtElr);
end
y2me = [y2ne yy2];
end % or2

9%3RD MODE: (fit a curve for mtip/mroot and then a curve for El_tip/lE_root)
YEIt/EIO =1
y3nilel = pol yval (CrEl y3, xvar) ;

y3nRel = pol yval (Cmx2El y3, xvar);
y3nmBel = pol yval (CnxEl y3, xvar);
y3mel = [];

for ii=1:1ength(xvar),

yy31 = [y3mlel(ii) y3nRel(ii) y3nBel(ii)];
y3nmel = [y3nmel (polyval (polyfit(xx,yy31,2),nmnr))];

end % or2

Y%EIt/EI0O = 0.5

y3nile2 = pol yval (CrEl x2y3, xvar) ;
y3nm2e2 = pol yval (Cmx2El x2y3, xvar) ;
y3nmBe2 = pol yval (CnxEl x2y3, xvar) ;
y3me2 = [];

for ii=1:1ength(xvar),

yy32 = [y3mle2(ii) y3nRe2(ii) y3nBe2(ii)];

y3me2 = [y3me2 (polyval (polyfit(xx,yy32,2),nmnr))];
end 9% or2
%EIt/EIO0O = 0
y3mle3 = pol yval (CnEl xy3, xvar) ;

y3nm2e3 = pol yval (Cnx2El xy3, xvar) ;
y3nBe3 = pol yval (CnxEl xy3, xvar) ;
y3me3 = [];

for ii=1:1ength(xvar),

yy33 = [y3mle3(ii) y3nRe3(ii) y3nBe3(ii)];
y3me3 = [y3me3 (pol yval (polyfit(xx,yy33,2),nmnr))];

end % or2
%t / n0
y3me = [];
for ii=1:1ength(xvar),
yy31 = [y3mel(ii) y3nme2(ii)];
yy32 = [y3nme2(ii) y3rre3(||)],
if ( (ElItElr <= 1) & (EItEIr > 0.5) )
yy3 = pol yval (pol yfit(xx1,yy31,1),EtElr);
elseif ( (EItEIr <= 0.5) &(EItEIr >=0) )
yy3 = pol yval (pol yfit(xx2,yy32,1),EltElr);
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end
y3me = [y3nme yy3];
end 9% or2

ot herw se
di sp(' ERROR Pl ease enter a proper cantHi ng input fot YNTEMOSHNR() function!');
disp(’ ");

end %w tchl

%Qut put s:
if (nargout > 3)
varargout = {xvar};

end

YINR = ylne;
Yy2NR = y2ne;
y3NR = y3ne;

if (plotFlag > 0)
figure; hold on;
if (plotFlag ~= 1)
subpl ot (3,1, 3); hold on;
d
ot(xvar,y3NR 'm"'); grid on;
(plotFlag ~= 1)
| egend(' 3rd Bendi ng Mode Shape', 0);

en
pl
i f

end
if (plotFlag ~= 1)
subpl ot (3,1, 2); hold on;
d
0

t(xvar,y2NR 'r-"); grid on;
(plotFlag ~= 1)
| egend(' 2nd Bendi ng Mode Shape', 0);

en
pl
1 f

end
if (plotFlag ~= 1)
subpl ot (3,1,1); hold on;
d
o

t(xvar, yINR 'b-"); grid on;
(plotFlag ~= 1)
| egend(' 1st Bendi ng Mode Shape', 0);

en
pl
1 f

end
if (plotFlag == 1)
| egend(' 3rd Bendi ng Mode Shape',' 2nd Bendi ng Mbde Shape', ' 1st Bendi ng Mbde
Shape', 0);
end

title(' NONROTATI NG BEAM FI RST THREE BENDI NG MODE SHAPES' ) ;
text(xvar(2),0.8*yINR(l ength(y1INR)), {[' Hi nged/ Cantil ever:

cantHing];['mt_i_p/mr_o ot =" nusttr(mm')]
["El _t_ i p/El r_ oot =" nuerstr(EItEIr)] ['x-range = [ ' nunRstr(xvar(1))
numstr ((1/ (I ength(xvar)-1))) ' : ' nun2str(xvar(length(xvar))) " 1'1});
hol d of f;
end %f1
O
%Bubf uncti on:
function [] = plotme()
teta = [0.001:0.1:13*pi ];
figure; whitebg(gcf, 'red);
axis([-7 7 -7 7]);
pol ar(teta teta. "0 5,'yp-"); grid off;
title({' ERROR'; * PLEASE | NPUT AT LEAST FOUR | NPUT ARGUMENTS TO YNTEMOSHNR() FUNCTION!'' });
return

D. MATLAB® CODE FOR MAKELINE UTILITY FUNCTION

function [pol yCoef] = makeline(inVec,inX varargin)

% pol yCoef] = MAKELI NE(i nVec,inX <, cutoffr<, cutofft>>)

%his function returns the polynom al coefficients of the line approximted for values
given in a vector.

% nput s:

% inVec is a vector containing the values which are to be approximted by a first-
order pol ynom al .
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% inX is the correspondi ng x-values for inVec fromzero to blade tip.

% cutoffr is the distance from the root which will be excluded from the
approxi mation. Default is zero.

% cutofft is the distance from the tip which wll be excluded from the
approxi mation. Default is zero.

%Qut put :

% pol yCoef is a 1-by-2 vector which contains the polynom al coefficients fo the

approxi mate |1 ne.
% his function is intended to be used for Yntema nmethod which is about bending
frequencies of rotating beans.

UR<<<<<<<<<<<<<lst. Lt. H E. AKIN, Mast er of Sci ence in Aer onaut i cal
Engi neeri ng, >>>>>>>>>>>>>>>>>>>>>>>>>>
U <<<<<<<<<<<<<<<<<<<<Naval Post graduat e School , CA, USA, Sept enber
2002. >>>>>5>>>55>>55>555>555S55>555>>>
R e e T
tempVec = inVec(:);
tempX = inX(:);
if (nargin-2) ==
cutoffr = 0;
cutofft = 0;
el seif (nargin-2) ==
cutoffr = varargi n{1};

cutofft = 0,

elseif (nargin-2) ==
cutoffr = varargi n{1};
cutofft = varargi n{2};

el se

0;

0;

end %f1
tt = 0;
ile (tt < l engt h(tenpX)),
tt =tt + 1;
if (tempX(tt) <= cutoffr)
tempX(tt) =[],
tempVec(tt) =[1];
tt =ttt -
el seif (tempX( >= (inX(length(inX)) - cutofft))
tempX(tt) ;
tempVec(tt
tt =ttt -
end %f2
end %orl

1 ~
—

|_\v I~ R~
B —_ .
—_—
—

pol yCoef = pol yfit(tenpX tenmpVec, 1);

E. MATLAB® CODE FOR LINKMASS UTILITY FUNCTION
function [massout, varargout] = |inkmass(massi nR, varargin)

% [ massout <, xnew>] = LI NKMASS(massinR <, Xi nR <, ni nt >>)

% his function rearranges the mass values in a vector to their corresponding places in a
| onger vector.

% he mddle values are assigned zero. The first and |last values remain as the first and
| ast val ues.

%-or exanple, if you have a nmass vector of length 11 and if you want to rearrange it into
a vector of

% ength 101, this function relocates the original mass values as the 1st, 11lth,
21st,...,101st el enents

%f new vector. Qther elenments are filled with zero.

%his function is a part of the conputer code witten for Yntema nethod about bending
frequenci es of rotating beans.

% nput s:

% massinR is a vector containing nass val ues at any station along the beam

% xinR is a vector of actual/normalized x-val ues corresponding to each nass val ue.
You can opt not

% to input this argument if they are linearly spaced. But you must input if
they are nonlinear.

% Default is [0:1/(length(massinR)-1):1]. You must input O (zero) for xinR if
you want to input

% a nint argunment but x-values; then xinR is defaulted.
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% nint is the nunber of intervals of the output vector which contains rearranged
mass val ues. For

% the exanpl e above, nint would be 100. Default is 100.

% The | engths of nassinR and xi nR vectors nust be equal .

%Qut put s:

% massout is a vector containing the rearranged mass values. |If any two new x-
val ues are the sane

% di stance fromthe original x-value, the first new x-value is used to relocate
the nass val ue.

% For example, if the mass value is originally at x=2 and the massout vector
has no x-val ue at

% 2 but at 1.9 and 2.1, the mass is relocated to x=1.9, assunming 1.9 cones
before 2.1 in the

% xnew vector (type HELP M N for nore details).

% xnew i s a vector of correspondi ng x-val ues newy arranged.

%

UR<<<<<<<<<<<<<lst. Lt. H E. AKIN, Mast er of Sci ence in Aer onaut i cal
Engi neeri ng, >>>>>>>>>>5>5>5555>555>55>>>

IR <<<<<<<<<<g<<<<<<<<<Naval Post gr aduat e School , CA, USA, Sept enber

2002, >>>>555555555555555555555>>>>>>

if ((nargin ~= 1) & ((nargin ~= 2) & (nargin ~= 3)))
error (' Pl ease input at least one (no nore than three) input argunent for the function
LI NKMASS()!");

end %f1
massin = massi nR(:);
nintmassin = | ength(massin) - 1;

if ( ((nargin ==2) | (nargin == 3)) & (sum(sum(varargin{1l} ~= 0))) )
xi NR = varargi n{1};
xin = xinR(:);
el se
xi NR = [0: 1/ ni nt massi n: 1] ;
xin = xinR(:);

end %f1
if (length(massin) ~= |ength(xin))

error (' The |l ength of massinR and xi nR vectors nust be equal!');
end %f1

if (nargin == 3)
nintin = varargi n{2};
el se
nintin = 100;
di sp(' ATTENTI ON: Nunber of intervals is asuned to be 100.");
disp(" ")
end %f1l
if (length(massin) >= nintin)
error (' Pl ease input a nunber-of-intervals which is nore than the |ength of the input
vector');
end %f1l

xnew = [xin(1):((xin(length(xin))-xin(1)) / nintin):xin(length(xin))].";
nmtenp = zeros(size(xnew)); %nitializing

xxin = 1;
while (xxin <= length(xin)),

[tempD, xi nd] = mn(abs(xin(xxin)-xnew)); %f two mnimns, MN returns first one's
i ndi ce!

nmt enp(xi nd) = massi n(xxin);
Xxxin = xxin + 1;
end %hil el

if (size(massinR 1) == 1)
menp = ntenp.';
Xnew = xnew.';

end %f1l

massout = ntenp;

if (nargout == 2)
varargout = {xnew};

end %f1

%end of file LINKMASS()
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F. MATLAB® CODE FOR LINKSPOR UTILITY FUNCTION

function [outVec,varargout] = |inkspor(inVec,bLen,nlntr)
% [out Vec <,outOrd <, outVecX>>] = LINKSPOR(inVec, bLen, nlntr) function
% Recal cul ates the values of the vector 'inVec' with the nunber of Ilinear
intervals "nintr'
% Use this function when you have n-nunmber of values but need nore than n nunber of
val ues.
% This function linearly fills the interval between any two consecutive val ues of
"inVec'
% with values corresponding to 'nintr
% For exanple, if you have 11 values, which correspond to a linear interval
x=0: bLen/ 10: bLen
% but need 101 values (nlntr=100), then you will get a vector of I|ength(outVec)=101
correspondi ng
% to an interval of x=0:bLen/100: bLen. The niddl e values of 'outVec' wll correspond
to aline
% fitted between two consecutive 'inVec' values
% "inVec' values are assumed to be 'y' values corresponding to a linear interva
of x-val ues
% between 0 and 1. First value of 'inVec' corresponds to x=0, its last value
corresponds
% to x=bLen, and the nmiddl e values nust be linearly spaced in the conputations
% "bLen' is the I ength of the bl ade
% ‘nintr' is the desired nunber of intervals for the range of
x=[ 0: (bLen/nlntr):bLen]. It nust
% not be less than length(inVec). It mght be equal to Iength(inVec), but then the
functi on woul d
% return the same values as of 'inVec'. Use a higher 'nintr' if you need a better
preci si on.
% Optional 'outVecX is the range of x val ues corresponding to 'outVec' val ues
96| Optional 'outOrd' is the order of the polynom al which approxi mates the 'outVec
val ues as
% precise as possible. It incorporates the number of turn-directions (CWto-CCW or
CCWt o- CW
% changi ng al ong the curve
% If only two output argunents are specified, only 'outOrd is output together
with 'outVec'
% If no output arguments are specified, only the values of 'outVec' are output
% The 'outVec' and 'outVecX vectors are the same size as 'inVec'
Ur<<<<<<<<<<<<<lst. Lt. H E. AKI N, Mast er of Sci ence in Aeronautica
Engi neeri ng, >>>>>>>>>>5>5>5>55>555>55>>>
U <<<<<<<<<<<<<<<<<<<<Naval Post gr aduat e School , CA, USA, Sept enber
2002. >>>>>>>>>>>5>>OS>OOS>OOS>DS>>>>
m en = | engt h(i nVec)
yvar = [inVec(1)];
xvar = [0];
deltax = bLen/(nien 1);
for kk = 2:men, %illing spaces linearly
tx = [xvar(l ength(xvar))+(bLen/nintr):(bLen/nIntr):(kk-1)*deltax];
ty = polyfit([(kk-2) (kk-1)].*deltax,[inVec(kk-1) inVec(kk)], 1)
ytenp = polyval (ty, tx);
1f (size(inVec,1) == l)
xvar = [xvar tx];
yvar = [yvar ytenp];
el seif (size(inVec,?2) ==
xvar = [xvar tx];
yvar = [yvar ytenp];
el se
di sp(' ERROR PLEASE | NPUT A VECTOR FOR inVec NOT A MATRIX!...");
disp(' Al though an early ternmination is not perforned,');
di sp(’ you will nost probably get a run-time error!');
disp(’" '),
errord g([' PLEASE | NPUT A VECTOR FOR inVec, DO NOT | NPUT A MATRI X! '
"Al though an early termnation is not perforned L.
"you will nost probably get a run-tine error!']);
end %f2
end %orl
if (size(inVec,2) == 1)
xvar = xvar'
yvar = yvar'
end
if length(yvar) == nintr %f there is one | ess value than required

if (size(inVec,1) ==
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yvar = [yvar inVec(length(inVec))];
xvar = [xvar bLen];
el seif (size(inVec,2) == 1)
yvar = [yvar ; inVec(length(inVec))];
xvar = [xvar ; blLen];
end
end %f1l

for mm= 3:1ength(yvar),

f ( (abs(yvar(mm1)) > abs(yvar(mm2))) & (abs(yvar(mm)) < abs(yvar(mm1))) )
q cnt = cnt + 1;

ie? ( (abs(yvar(mm 1)) < abs(yvar(mm2))) & (abs(yvar(mm)) > abs(yvar(mm1))) )
q cnt = cnt + 1;

en

cnt = 2; %counting turn-points); cnt=2 => at |east a second order curve
i

end
out Vec = yvar,;
nout = max(nargout,1)-1;
tempVarQut = {cnt xvar};
for nn = 1:nout,
varargout {nn} = tenpVarQut{nn};
end

if (size(yvar) ~= size(inVec))

di sp(' ERROR I n LINKSPOR() function, the size of outVec-vector is not the sane as of
i nVec-vector!');
end %f1l
if ( (size(xvar) ~= size(inVec)) & (nout == 2) )

di sp(' ERROR In LINKSPOR() function, the size of optional outVecX-vector is not the
sane as of inVec-vector!');
end %f1l

180



APPENDIXD. MATLAB® CODE FOR GRAPHICAL USER
INTERFACE (GUI)

function varargout = yntenmaGU (var argin)

% YNTEMAGUI Application Mfile for yntemaGU .fig

% FI G = YNTEMAGUl | aunch yntemaGUl GU .

% YNTEMAGUI (' cal | back_nane', ...) invoke the nanmed cal |l back.

% Last Modified by GU DE v2.0 11-Sep-2002 23:02: 46
gl obal YNTEMAI LKKEZM CALI SI YOR

if nargin == % LAUNCH GUI
fig = openfig(nfilename,'reuse');

% CGenerate a structure of handles to pass to call backs, and store it.
handl es = gui handl es(fig);
guidata(fig, handles);

Y%opupnenu initiations:

f 1 agSout h_popupnenu_Cal | back( handl es. f| agSout h_popupnenu, [ ], handl es)

ch_popupnenu_Cal | back( handl es. ch_popupnenu, [], handl es)

mel ast _popupnenu_Cal | back( handl es. nel ast _popupnenu, [], handl es)

optional | nputs_radi obutton_Cal | back( handl es. opt i onal | nput s_radi obutton, [], handl es)

% optional | nputs_radi obutton_Cal | back( handl es. optional | nputs_r adi obutton
handl es)

%defaulting for first run:

i f YNTEMAI LKKEZM CALI SI YOR == []
di sp(' Val ues def aul tedI );
handl es. ch_popupnenu ="' C‘ ;
handl es. nel ast _popupnenu = 1e7
handl es. f | agSout h popuprrenu = 0;
handl es. eof fset _edi t
handl es. bl engt h_edi t 200
handl es. maLen0_edit = 0. 00033;
handl es. mnert0O_edit = 1.19;
handl es. maLenT_edit = 0.00033;

handles. mnertT_edit = 1.19;
handl es. massTi p_edit = O;
handl es. rtr SpdRng_edit = [0:5:700];

handl es. opRtr Spd_edit = 470;
handles.alfa_edit = 0;
handl es. opti onal | nputs_radi obutton = O;
gui data(fi g, handl es);

end

if nargout > 0
varargout {1} = fig;
end

YNTEMAI LKKEZM CALI SI YOR = [ YNTEMAI LKKEZM CALI SI YOR 1] ;
el seif ischar(varargi n{1}) % | NVOKE NAMED SUBFUNCTI ON OR CALLBACK

try
if (nargout)
[varargout{1: nargout}] = feval (varargin{:}); % FEVAL sw tchyard
el se
feval (varargin{:}); % FEVAL sw tchyard
end
catch
disp(lasterr);
end

gl obal YNTEMAI LKKEZM CALI SI YOR
YNTEMAI LKKEZM CALI SI YOR = [ YNTEMAI LKKEZM CALI SI YOR 2] ;

end
% ABOUT CALLBACKS:

% GUI DE automatically appends subfunction prototypes to this file, and
% sets objects' callback properties to call themthrough the FEVAL
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Each cal | back subfunction declaration has the fo
<SUBFUNCTI ON_NAME>( H, EVENTDATA, HANDLES, VARARG

cal I back type separated by ' ', e.g. 'slider2_Ca
"figurel_d oseRequestFcn', 'axisl_ButtondownFcn'

EVENTDATA is enpty, but reserved for future use

is passed to each callback. You can store addit

the updates. Type "hel p gui handl es” and "hel p gu
i nformation.

Add any extra argunents after the last argument,
cl osi ng parenthesis.

© O O O O OO O OO OO OO OO OO OO OO OO L OO ©©-©

O/ = = = m m e mm e e e e e e e e e e e e e e e e e mem e
function varargout = ch_popupnenu_Cal | back(h, eventdata, handl es

val =get (h, ' Val ue')
switch va
case 1

cantHing = 'C ;

handl es. ch_popupnmenu = cant Hi ng
case 2

cantHing = '"H ;

handl es. ch_popupnmenu = cant Hi ng
ot herw se

cantHing = 'C ;

handl es. ch_popupnmenu = cant Hi ng
end

gui dat a( h, handl es)

7
function varargout = nel ast_popupnenu_Cal | back(h, eventdata, handl es

val 1=get (h, ' Val ue')
switch vall
case 1
nmel ast = le7
handl es. nel ast _popupnmenu = nel ast;
case 2
nmel ast = 2e7; WR???????2???222222222??
handl es. nel ast _popupnmenu = nel ast;
case 3
nmel ast = 1.5e7; WR????????22222222222??
handl es. nel ast _popupnmenu = nel ast;
case 4
nmel ast = 3e7
handl es. nel ast _popupnmenu = nel ast;
ot herw se
nmel ast = le7
handl es. nel ast _popupnmenu = nel ast;
end

gui dat a( h, handl es)

L T

function varargout = flagSout h_popupnenu_Cal | back(h

val 2=get (h, ' Val ue')

182

switchyard above. This comrent describes that nechani sm

lowing form

N)

The subfunction nanme is conposed using the object's Tag and the

| back'

H is the call back object's handl e (obtained using GCBO).

HANDLES i s a structure contai ning handl es of conponents in GU using
tags as fieldnanmes, e.g. handles.figurel, handles.slider2. This
structure is created at GU startup using GU HANDLES and stored in
the figure's application data using GUI DATA. A copy of the structure

onal information in

this structure at GU startup, and you can change the structure
during callbacks. Call guidata(h, handl es) after changing your
copy to replace the stored original so that subsequent callbacks see

data" for nore

VARARG N contains any extra argunents you have passed to the
cal | back. Specify the extra arguments by editing the call back
property in the inspector. By default, GU DE sets the property to
<MFI LENAME>(' <SUBFUNCTI ON_NAME>' , gcbo, [], guidata(gcho))

before the final

event dat a, handl es

var ar gi n)

var ar gi n)

var ar gi n)



switch val 2
case 1
flagSouth = 0;

handl es. f| agSout h_popupnenu = fl agSout h;
case 2

flagSouth = 1;

handl es. f| agSout h_popupnenu = fl agSout h;
case 3

flagSouth = 2;

handl es. f| agSout h_popupnenu = fl agSout h;
case 4

flagSouth = 3;

handl es. f| agSout h_popupnenu = fl agSout h;
ot herw se

flagSouth = 0;

handl es. f| agSout h_popupnenu = fl agSout h;

end

gui dat a( h, handl es)

7

function varargout = eoffset_edit_Callback(h, eventdata, handl es,
gl obal YNTEMAI LKKEZM CALI SI YOR

eof fsetget = get(h,'String');

if isenpty(eoffsetget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
eof fset = O;

el se
eof fset = str2nun{eoffsetget);

end

handl es. eof fset _edit = eoffset;

gui dat a( h, handl es)

7

function varargout = blength_edit_Callback(h, eventdata, handl es,
gl obal YNTEMAI LKKEZM CALI SI YOR

bl engt hget = get(h,' String');

if isenpty(blengthget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
bl ength = 200;

el se
bl ength = str2num(bl engt hget);

end

handl es. bl engt h_edit = bl ength;

gui dat a( h, handl es)

72
var ar gi n)

function varargout = maLenO_edit_Cal | back(h, eventdata, handl es,
gl obal YNTEMAI LKKEZM CALI SI YOR

maLenOget = get(h,"String');

if isenpty(maLenOget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
maLen0 = 0. 00033;

el se
maLen0 = str2num( naLenOget);

end

handl es. maLen0_edit = malLenO;

gui dat a( h, handl es)

7

function varargout = minertO_edit_Callback(h, eventdata, handl es,
gl obal YNTEMAI LKKEZM CALI SI YOR

m nertOget = get(h,"'String');

if isenpty(minertOget) | isenpty(YNTEMAI LKKEZM CALI S| YOR)
mnert0 = 1.19;

el se
mnert0 = str2num(m nertOget);

end

handl es. mnert0_edit = minertO;

gui dat a( h, handl es)
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72
function varargout = maLenT_edit_Cal | back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI SI YOR

maLenTget = get(h,'String');

if isenpty(maLenTget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
maLenT = O;

el se
maLenT = str2num( nmaLenTget);

end

handl es. maLenT_edit = malLenT;

gui dat a( h, handl es)

72
function varargout = minertT_edit_Call back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI SI YOR

m nert Tget = get(h,"String');

if isenpty(minertTget) | isenpty(YNTEMAI LKKEZM CALI S| YOR)
mnertT = O;

el se
mnertT = str2num(m nertTget);

end

handl es. mnertT_edit = minertT,

gui dat a( h, handl es)

72
function varargout = massTi p_edit_Call back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI SI YOR

massTi pget = get(h,"String');

if isenpty(massTi pget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
massTip = O;

el se
massTi p = str2num massTi pget) ;

end

handl es. massTi p_edit = nassTip;

gui dat a( h, handl es)

72
function varargout = rtrSpdRng_edit_Cal | back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI SI YOR

rtrSpdRngget = get(h,' String');

if isenpty(rtrSpdRngget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
rtrSpdRng = O;

el se
rtrSpdRng = str2nun(rtrSpdRngget);

end

handl es. rtr SpdRng_edit = rtrSpdRng;

gui dat a( h, handl es)

72
function varargout = opRtrSpd_edit_Call back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI SI YOR

opRtr Spdget = get(h,'String');

if isenpty(opRtrSpdget) | isenpty( YNTEMAI LKKEZM CALI S| YOR)
opRtrSpd = 0;

el se
opRtr Spd = str2nun{opRtr Spdget);

end

handl es. opRt r Spd_edit = opRtr Spd;

gui dat a( h, handl es)

72
function varargout = alfa_edit_Callback(h, eventdata, handles, varargin)
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gl obal YNTEMAI LKKEZM CALI SI YOR

al faget = get(h,"String');

if isempty(alfaget) | isenpty( YNTEMAI LKKEZM CALI SI YOR)
alfa = 0;

el se

al fa = str2num(al faget);
end
handl es. al fa_edit = alfa;

gui dat a( h, handl es)

(72
function varargout = optional | nputs_radi obutton_Cal |l back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI S| YOR

val 3 = get(h,"'Value');

if ((val3 ~=0) & (val3 ~= 1)) | isenpty( YNTEMAI LKKEZM CALI SI YOR)
val 3 = 0;

end

handl es. opti onal | nput s_radi obutton = val 3;

gui dat a( h, handl es)

72
function varargout = ok_pushbutton_Cal | back(h, eventdata, handles, varargin)

gl obal YNTEMAI LKKEZM CALI SI YOR
di sp(* START OF YNTEMAGUI () FILE "

% nitializing diary file:
dirynte = dir(pwd);
flagdirec = O;
for ddd = 1:size(dirynte, 1)
chkvar 111l = struct2cel | (di rynte(ddd))
if ((S|ze(chkvar111{ 1},2) == 17) & ((chkvar111{1l} == ‘yntenmguirundiary') &
(isdir('yntemaguirundiary' ))))
flagdirec = 1;
end
end
if flagdlrec =0
eval( mkdi r yntenmagui rundi ary', ..
"disp('' The diary folder for this run of YNTEMAGU coul d not be created!'"')");
end
sindi = datestr(now);
sindi = [sieri(l:14) si ndi (16: 17) simji(19 20)1;
eval ("diary([pwd ''\yntemaguirundiary\'"' sindi Totxt! 1)
"disp('""'Diary will not be saved for this run of YI\I'I'EMAGUI()I "))

%

fl agSout hc = handl es. f1 agSout h_popupnenu;
cant Hi ngc = handl es. ch_popupnenu;
mel astc = handl es. nel ast _popupnenu;
eof fsetc = handl es. eof fset _edit;

bl engt hc = handl es. bl ength_edi t;
maLenOc = handl es. naLen0O_edit;
mnert0c = handl es.nmnert0_edit;
maLenTc = handl es. maLenT_edit;
mnertTc = handles.minertT_edit;
massTi pc = handl es. massTip_edit;
rtrSpdRngc = handles.rt rSdeng edit;
rtrSpdRngc = rtrSpdRngc(:).

opRtr Spdc = handl es. opRtrSpd edit;

al fac = handles. alfa_edit;

val RB = handl es. opti onal | nput s_r adi obut t on;
if valRB ~= 1

massTi pc = O;

maLenTc = nmalLenOc;

mnertTc = minertOc;

rtrSpdRngc = [0:5:700];

opRtr Spdc = 470;

alfac = 0;
end

reset (gca)

185



[wl, w2, w3, W0, rtrspd, coef fs, wlk, w2k, w3k, wok] =
ynt emag( fl agSout hc, cant H ngc, eof f set ¢, bl engt hc, nel ast ¢, maLenOc, mi nertOc, ' ntip', maLenTc, ' |
tip',mnertTc,'M"', massTipc,' AoA' ,alfac,[rtrSpdRngc opRtrSpdc]);

onmega_1 = nunstr(wi(1));

set (handl es. wl_t ext, TStri ng', onega_l)
onega_1rps = nunﬂstr(\/\n.(l)*( i/30));
set(handl es.wlrps_text, 'String', omega_1rps)

onega_2 = nuerstr(WZ(l)),

set (handl es. w2_text, 'String', onmega_2)
onega_2rps = nuerstr(\AQ(l) (pi/30));

set (handl es. W2rps_text, 'String', onega_2rps)

onega_3 = nunﬂstr(V\B(l))
set(handl es.w3_text, 'St
onega_3rps = nurTQstr(V\B(
set(handl es.w3rps_text, 'St
onega_0 = nusttr(v\D(l))

, onega_3)
i/30));
ing', omega_3rps)

set (handl es. wO_text, 'String', onega_0)
omega_Orps = nun@st r(V\,O( 1)*(pi/30));
set (handl es. wOrps_text, 'String', onega_Orps)

onmegak_1 = nunﬂstr(\/\n.k(l));

set (handl es. wlk_text, "Stri ng omegak_1)
onegak_1rps = nuerstr(Mk(l) (p|/30))

set (handl es. wlkrps_text, 'String', orregak_lr ps)
onegak_2 = nusttr(v\Qk(l))

set (handl es. w2k _t ext, TStri ng', onmegak_2)
omegak_2rps = nun2st r(V\/Zk( L *(pi /30))
set (handl es. V\ri ps_text, 'String' orregak_Zr ps)

onmegak_3 = nun®str ( V\Bk( 1) );

set (handl es. w3k_t ext, "Stri ng', omegak_3)
omegak_3rps = nun@str (V\Bk( ) *(pi /30))
set (handl es. w3krps_text, 'String' orTegak_3r ps)

if isenpty(wok)
wok = O;

end

onmegak_0 = nun2str (wok(1));

set (handl es. wOk_text, "String', omegak_0)
onmegak_Orps = nunRstr(wok(1)*(pi/30));

set (handl es. wOkrps_text, 'String', onegak_Orps)

a0 = nurTQstr((coeffs{l}))
set (handl es. a0_text, 'Stri
a_l = nusttr(coeffs{Z})
set(handl es.al_text, "Stri ng', a.l)
a_2 = nunﬂstr(coeffs{S});

set (handl es. a2_text, 'String', a_2)
a_3 = nun@str(coeffs{4});

set (handl es. a3_text, 'String', a_3)

hg' , a_0)

KO0 = nurTQstr(coeffs{S})
set (handl es. KO_text, 'String', K.0)
K1 = nusttr(coeffs{G})
set(handl es. Kl text, 'String', K1)
K 2 = nun2st r(coeffs{ 1)
set (handl es. K2_text, 'String', K 2)
K 3 = nun2str(coeffs{8});
set (handl es. K3_text, 'String', K 3)

K 00 = nurTQstr(coeffs{Q})

set (handl es. KOO_text, 'String', K _00)
K01 = nusttr(coeffs{ 10})

set (handl es. KO1_text, 'String', K 01)
K 02 = nunﬂstr(coeffs{ll})

set (handl es. KO2_text, 'St ri ng', K 02)
K 03 = nun®str(coeffs{12});

set (handl es. KO3_text, 'String', K_03)

K 10 = nun®str (coeffs{ 13})
set (handl es. K10_text, 'String', K 10)
K11 = nusttr(coeffs{ 14})
set (handl es. K11_text, 'String', K 11)
K12 = nunﬂstr(coeffs{lS})
set (handl es. K12_t ext, 'St ri ng', K 12)
K 13 = nun®str(coeffs{16});
set (handl es. K13_text, 'String' , K_13)

%li spl ay | w_n:
disp(['w 23 =[ ' omega_0 ' ' onega_1l ' ' onega_2 ' ' onmega_3 ' ] CPM]);
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di sp([" = [ ' onega_Orps ' ' omega_1lrps ' ' onega_2rps ‘' ' omega_3rps ' ]
rad/sec']);

%li spl aying w_n_ksi:
di sp(['w_ 0123 _ksi =[ ' onmegak_0 ' ' omegak_1 ' ' onmegak_2 ' ' onegak_3 ' ] CPM]);
di sp([' = [ ' onegak_Orps ' ' omegak_1rps ' ' onegak_2rps ' ' omegak_3rps

] rad/sec']);
%li spl aying a_n

disp(['a 0123 = ' a 0" "al’ a2’ a3 1']);

%li spl aying K n

disp(['KO0123 = ' KO K1Y K2 K3 1]

%li spl aying K 0_n

disp(['K 0_0123 = [ ' K00 ' K01 ' K02 KO3 1']);

%li splaying K 1_n

disp(['Kh_1_0123 = | K_10 K11 "' K 12 K13 1']);

di sp(’ END OF YNTEMAGUI () FILE ")

cl ear gl obal YNTEMAI LKKEZM CALI SI YOR
diary off;

(72
function varargout = cancel _pushbutton_Cal |l back(h, eventdata, handles, varargin)
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APPENDIX E. EXAMPLE CODES FOR THE VERIFICATION
AND VALIDATION OF MATLAB® CODES

A. CODE FOR A VERIFICATION OF YNTEMA FUNCTION

flagSouth = {0 1 2 3}; %
cantHing = {'C '"H};%]j
eof fset = {0 0.1 9}; %

bl ength = {0 150}; %n

mel ast = {0 1e7}'%1
maLen0 = {0 0. 00033} ; %0
mnert0 = {0 1.19}; %
maLenT = {[] 0 0. 00011} %

mnertT = {[] 0 1.19}; %
massTip = {[] 0 0. 0495}'%;
rtrSpd = {[], 0[0 10: 500], [ [ 0: 10: 500] 420]}; %
alfa = {[],0, [0001030] [O. 15001040]} %
figure
for h = 1:4,
for jj=1:2,
for k=1:3,
dlary([pwd date ' - ' nunmRstr(h) nun2str(jj) nun@str(k) otxt']);
for mel: 2,
for n=1:2,
for o=1:2,
for p=1:2,
for g=1:3,
for r=1:3,
for s=1:3,
for t=1:5,
for u=1:5,

dISp([hjj kmnopqgr st u]);
[wl, w2, w3, w0, rtr SpdRng, coef ss, Mk w2k, w3k, wok] —yntema(fl agSout h{h}, cant Hi ng{]]}

eoffset{k} bI engt h{n, nel ast{n} rraLenO{ o}, mnertO{p}, ntip rraLenT{ q},"Itip
mnertT{r},'M',6 massTi p{s}, rtrSpd{t} AoA' , al faf{u});
end
end
end
end
end
clc;
end
end
end
end
diary off;
% end
% end
% end
di sp([' Total Tine ="' nun@2str(cputine-runstart) ' sec.']);
clear;

B. CODE FOR A VALIDATION OF YNTEMA FUNCTION

YWNTEMATRI AL. M For a verification of YNTEMA() function.
ch ="H; %r ch ="'C;
if upper(ch(l))=="H
cho = "H NGED ; n=4;
el se
cho = ' CANTI LEVER ; n=3;
end
ntnr = [0:0.1:1];
EItEIr = [0 0.5,1];
M = [0:.01:.2];

%:or Yntema figures 11~16:
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for i 1:11,

[wi, w2, w3, w0, rtr Spd, coeffs] = yn tema(O cho(1), 0, 100, 1e7, 0. 001, 1. 19,
‘mip',0.001*nmtr(ii), Itip, 1. 9*E|tE|I’(jj))

ao(jj,ii) = coeffs{1}; al(jj,ii) = coeffs{2};
az2(jj,ii) = coeffs{3}, a3()j,ii) = coeffs{4};
KOO(jj,i1) = coeffs{9}; KOL(jj,I1i) = coeffs{10};
KO2(jj,ii) = coeffs{11}; KO3(jj,ii) = coeffs{12};
Kh10(jj,ii1) = coeffs{13} Kh11(jj,i1i) = coeffs{14};
Kh12(jj,ii) = coeffs{15}; Kh13(jj,ii) = coeffs{16};
clear w r*

end

end
%-or Yntema figures 17~20:
for hh = 1:11,
[wl, w2, w3, w0, rtrSpd, coeffs] = yntema(O0, cho(1), 0, 100, 1e7,0.001,1.19,'M"', M (hh));
aOM hh) = coeffs{1}; alMhh) = coeffs{2}; a2M hh) = coeffs{3}; a3Mhh) = coeffs{4};
KOOM hh) = coeffs{9}; KOAM hh) = coeffs{10}; KO2M hh) = coeffs{11}; KO3M hh) =coef f s{12};
clear w r*
end
O
figure(l); subpl ot(3 1 3), hol d on;
plot(ntnr,al(l,:)," b-",
plot(nmtnr,al(2,:)
pl ot(rrtrrr a1(3,:)
|
r

hol d on;

U101 01
—

ylabel ("a_1"); x
| egend(' ET t/EI_
subpl ot (3,1, 2);
plot(mm,aZ(l,:)
plot(mtnr,a2(2,:),"
)
i
_r

o
—~
=}

>

o

=

.5); hold on;

5);

coo
e
===

plot(rrtm az2(3,:
yl abel (' a2) gr
| egend(" El t/EI
subplot (3,1, 1);
plot(ntnr,a3(1,:),
plot(ntnr,a3(2,:),
plot(rrtm a3(3,:),"
yl abel (' a3) grid
r
10
t

555
- @@
o1 222

I R P alal s
-

.5); hold on;

53535
©DD
-3
oo
E==
TII

| egend("' El t/EI
title([cho ', m_
figure(2); subplo
pl ot (nmtnr, KO1(1,:

(: 1. ;19 in"4, E=le7 psi']);
pl ot(rrtm,K01(2,:§
X

n: I:O
hol d on;

pl ot (ntnr, KO1(3,:

yl abel (' K 0_1");

| egend(' EI _t/El_r = 0"," =.

subpl ot (3,1, 2);

pl ot (ntnr, K02(1, ) hol d on;

plot(ntnr, KO2(2,:),"

plot(mm K02(3,:)

yl abel (' K 0_2"); gri

I egend(' ET _t/El r

subplot(3,1,1);

pl ot (ntnr, K03(1, )

plot(ntnr, KO3(2,:),"

plot(mm K03(3,:),

yl abel (' K 0_3"); gri

I egend(' El _t/El

title([cho ', m_

figure(3);

if n==4
subplot(n, 1, 4);
pl ot (ntnr, Kh10(1 )
plot(ntnr, Kh10(2,:)

3,1)
Y

hol d on;

- o
[
~

iin. |_0 1,19 inr4, E=le7 psi']):

pl ot(mm Kh10(
ylabel (' K 1_0");
I egend(' ET _t/El r

end
subplot(n, 1, 3);
pl ot (ntnr, Kh11(
pl ot (nt nr, Kh11(
pl ot (nmtnr, Kh11(
)i
|

(AJ_I\.)H

ylabel (" K 1_1'

1 f n==3; xlabe
| egend(' El _t/El
subplot(n, 1, 2);

pl ot (ntnr, Kh12(
pl ot (nt nr, Kh12(
pl ot (ntnr, Kh12(

hol d on;

(.OI\.H—‘
NN
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ylabel (" K 1_2");grid minor;
| egend(' EI _t/El _r = 0'," —.5',' =1
subplot(n,1,1);

)
plot(mm,Kh13(1, ),"b-","linewidth ,1.5); hold on
plot(ntnr,Kh13(2,:), ' r-',"linewidth',1.5);
pIot(n1m Kh13(3,:),'g-',"'linewidth',1.5);
ylabel (" K 1_3");grid minor;
legend(' ET _t/El r =0 ,' =.5," =1");
title([cho ', m0=0.001 |bnin, |_0=1. 19 inh4, E=1e7 psi']);
figure(4); subpl ot(3,1,3); hold on;
plot (M. /(0 001*100),alM1,:),"'b-',"linewidth',1.5); hold on;
yl abel (*\theta_172"); xlabel('r');grid n nor;
subpl ot (3,1, 2);
plot(M./(0.001*100),a2M 1,:),"'b-","linewidth',1.5); hold on;
yl abel (*\theta_272");grid mnor;
subplot(3,1,1);
plot(M./(0.001*100),a3M1,:),"'b-","linewidth',1.5); hold on;
yl abel (*\theta_372");grid mnor;
title([cho ', mO0=0.001 Ibmin, |_0=1.19 in™4, E=1e7 psi']);
figure(5);subplot(3,1,3); hold on;
pIot(M./(O 001*100),K01N(1, ),"b-","linewidth ,1.5); hold on;
ylabel (" K 0_1"); xlabel ('r");grid mnor;
subplot (3,1, 2);
plot(M./(O. 001*100) KO2M'1,:),"b-","linewidth',1.5); hold on;
ylabel (" K0_2");grid minor;
subplot(3,1,1);
plot(M./(O. 001*100) KO3M'1,:),"b-","linewidth',1.5); hold on;
yl abel (' K_0_3");grid minor;

title([cho ', mO0=0.001 Ibmin, |_0=1.19 in™4, E=1e7 psi']);

C. CODE FOR A VALIDATION OF THE YNTERYGH FUNCTION

YWNTERYCGHTRI AL. M verification for ynterygh. m
rtfxty = 'CH ;

for tt=1:2,
ch = rtfxty(tt);
mtnm = [0:0.1:1];
EItElr =[0,0.5,1];
L = 200;
for jj = 1:3,
for ii = 1:11,
[YINR y2NR, y3NR] =ynt emoshnr (O, ch, mtmr (ii),EItEIr(jj));
[M,al(] ||) Ki(jj,ii), KOl(jj,II),Kll(jj,Il)]
YNTERYGH(yINR , ' L', L,"' nx', 0.00033. *[1 mr(ii)], EIx',1.19e7.*[1:-0. L:EItEIr(jj)]");
V\Q,aZ(J ||) K2(jj,ii), KOZ(]],II),KlZ(]],II)]
YNTERYGH(y2NR , ' L', L, "' nx', 0.00033. *[1 mr(ii)],"’ ,1.19e7.*[1:-0. L:EItEIr(jj)]");
,a3(j ||) K3(jj,ii), KO3(]],II),K13(]],II)]
YNTERYGH(y3NR , ' L', L,"' nx', 0. 00033. *[1 nm(ii)l,’ ,1.19e7.*[1:-0. 1: EItEIr(jj)]");
[Mr,WZr War, V\,Or rotspd, coeffs{jj, ||}]
00033* nt nr m(ii),"Itip ,1.19*EItEIr(jj));

YNTEMA( O, ch, O, L, 1e7, 0. 00033, 1. 19, "' ntip', 0.
end

end
figure;
subpl ot (3,1, 3); hoId on;

pl ot (ntnr, a1(1 ),"b-","linewidth ,1.5); hold on;
plot(mtnr,al(2,:),'r-","linewidth ,6 1.5);
plot(mm,al(S ), g-','Ilnerdth,l.S);

yl abel (" al'); xlabel( mt/mr');

grid mnor;

legend('EI _t/El _r =0"," =.5," =1");

subpl ot (3,1, 2);

plot(ntnr, a2(1 1), 'b-","linewidth',1.5);hold on;
plot(mm,a2(2,:),'r-','Iinewidth',l.S);
plot(nmtnr,a2(3,:),"'g-'," ' linewidth ,1.5);

yl abel (*a2');

grid mnor;

legend('EI _t/El _r =0'," =.5," =1");
subplot(3,1,1);
plot(nmtnr,a3(1,:),"b-","linewidth ,1.5); hold on;
plot(mtnr,a3(2,:),'r-","linewidth ,1.5);
plot(nmtnr,a3(3,:),"g-","'linewidth 6 1.5);
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yl abel (' a3");
grid mnor;
| egend(' EI _t/El _r =0'," =.5"," =
if upper(ch(l)) =="'C

title(' CANTI LEVER, m 0=0.00033 | bnfin, |
el se

title(' H NGED, m 0=0.00033 |bnmin, I

1);
_0=1.19

_0=1.19 in"4,
end
figure;
subpl ot (3,1, 3);
pl ot (ntnr, KO1(1,:
pl ot (ntnr, KO1(2,:
plot(ntnr, KO1(3,:
yl abel (' KO1');
grid mnor;
I egend(' EI _t/El _r
subpl ot (3,1, 2);
plot(nmtnr, KO2(1,:),"b-","
plot(ntnr, KO2(2,:),"'r-"
pl ot (ntnr, KO2(3,:),"
yl abel (' K02');
grid mnor;
I egend(' EI _t/El _r
subplot(3,1,1);
pl ot (ntnr, KO3(1,:)
pl ot (ntnr, KO3(2,:)
pl ot (ntnr, KO3(3,:)
yl abel (' KO3");
grid mnor;
| egend(' EI _t/El _r =0'," =.5"," =
if upper(ch(l)) =="'C

title(' CANTI LEVER, m 0=0.00033 | bnin, |
el se

title(' H NGED, m 0=0.00033 |bnmin, I

x<

; hol d on;

_0=1.19 i
_0=1.19 in"4,
end
figure;
subpl ot (3,1, 3);
plot(mm,Kll(l,:)*L,
plot(nmtnr, KL1(2,:)*L,
plot(ntnr, KI1(3,:)*L," g—
yl abel (" K11'); xlabel (' mt/m
grid mnor;
I egend(' EI _t/El _r
subpl ot (3,1, 2);
plot(ntnr, K12(1,:)
plot(nmtnr, KI2(2,:)*
plot(ntnr, K12(3,:)
yl abel (' K12');
grid mnor;
I egend(' EI _t/El _r
subplot(3,1,1);
plot(nmtnr, KI3(1,:)*L
plot(nmtnr, KI3(2,:)*L,"'r-","
plot(nmtnr, K13(3,:)*L,"'g-',"
yl abel (' K13");
grid mnor;
| egend(' EI _t/El _r =0'," =.5"," =
if upper(ch(l)) =="'C

title(' CANTI LEVER, m 0=0.00033 | bnin, |
el se

title(' H NGED, m 0=0.00033 |bnin, I

b- on;

R
o
Z

=0, =.5," =

on;

PRe

on;

PR
ol
Z

_0=1.19

_0=1.19 inn4,
end
figure;
subpl ot (3,1, 3);
for m¥l: 3,
for kk = 1:11,
var al( nm kk)
end

hol d on;

end

plot(ntnr,varal(l,:)," ,

plot(ntnr,varal(2,:)," ,

pIot(n1m varal(3,:)," ,

yl abel (" Error Percentage fo

grid mnor;

legend('EI _t/El _r =0'," =.5," =1");

subpl ot (3,1, 2);

for m¥1l: 3,

for kk = 1:11,

vara2(rrmkk)
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n*4, E=1e7 psi
E=1e7 psi');

n"4, E=1e7 psi
E=1e7 psi');

n*4, E=1e7 psi
E=1e7 psi');

= (al(mm kk) - coef f s{ mm kk}{2})/al(mm kk)*100;

= (a2(mm kk) - coef f s{ nm kk} {3})/a2(mm kk) *100;

")

")

")



end

end

plot(nmtnr,vara2(1,:), ' b-',"linewidth',1.5);hold on;
plot(ntnr,vara2(2,:),'r-',"linewidth',1.5);
plot(ntnr,vara2(3,:),'g-","'linewidth',1.5)

yl abel (' Error Percentage for a2');

grid mnor;
legend(' EI _t/El _r =0'," =.5," =1");
subplot(3,1,1);
for m¥l: 3,
for kk = 1:11,
vara3(mm kk) = (a3(mm kk) - coef f s{nm kk}{4})/a3(nm kk) *100;

end
end
plot(nmtnr,vara3(1,:)," 'b-","linewidth',1.5); hold on;
plot(nmtnr,vara3(2,:),'r-',"linewidth',1.5);
plot(ntnr,vara3(3,:),'g-',"'linewidth',1.5)
yl abel (' Error Percentage for a3');
grid mnor;
legend('El _t/El _r =0'," =.5," =1");

if upper(ch(l)) =="'C

title(' CANTI LEVER, m 0=0.00033 I bmin, 1_0=1.19 in™4, E=1e7 psi');
el se

title(' HHNGED, m 0=0.00033 Ibmin, |1_0=1.19 in"4, E=le7 psi');
end
figure;
subpl ot (3,1, 3);
for m¥l: 3,

for kk = 1:11,

var KO1(mm kk) = (KO1(nm kk)-coeffs{mm kk}{10})/ K01(mm kk) *100;

end
end
plot(mtnr,varkK01(1,:), ' b-","linewidth',1.5); hold on;
plot(ntnr,varkK01(2,:),'r-","linewidth',1.5);
plot(ntnr,varkKo1(3,:),'g-",'linewidth' [ 1.5);
yl abel (' Error Percentage for KO01'); xlabel ("mt/mr');

grid mnor;
legend('EI _t/El _r =0'," =.5," =1");
subpl ot (3,1, 2);
for m¥l: 3,
for kk = 1:11,
var KO2( mm kk) = (KO2(nm kk) - coef fs{mm kk}{11})/ K02( mm kk) *100;

end
end
plot(mtnr,varkK02(1,:), ' b-","linewidth',1.5); hold on;
plot(ntnr,varkK02(2,:),'r-","linewidth',1.5);
plot(ntnr,varkK0o2(3,:),'g-",'linewidth',1.5)
yl abel (' Error Percentage for K02');

grid mnor;
legend('EI _t/El _r =0'," =.5," =1");
subplot(3,1,1);
for m¥l: 3,
for kk = 1:11,
var KO3(mm kk) = (KO3(nm kk) - coef fs{mm kk}{12})/ KO3( mm kk) *100;

end
end
plot(mtnr,varkK03(1,:), ' b-","linewidth',1.5); hold on;
plot(ntnr,varkK03(2,:),'r-","linewidth',1.5);
plot(ntnr,varkK0o3(3,:),'g-",'linewidth',1.5)
yl abel (' Error Percentage for KO03');

grid mnor;
legend(' EI _t/El _r =0'," =.5," =1");
if upper(ch(l)) =="'C

title(' CANTI LEVER, m 0=0.00033 | bmin, |1_0=1.19 in™4, E=1e7 psi');
el se

title(' HHNGED, m 0=0.00033 Ibnmin, |1_0=1.19 in"4, E=le7 psi');
end
figure;
subpl ot (3,1, 3);
for m¥l: 3,

for kk = 1:11,

var K11(mm kk) = (K11(nm kk)*L-coeffs{mm kk}{14})/K11(nm kk)/L*100;

end
end
plot(mtnr,varkK11(1,:), ' b-","linewidth',1.5); hold on;
plot(ntnr,varkK11(2,:),'r-","linewidth',1.5);
plot(ntnr,varkK11(3,:),'g-",'linewidth',1.5);
yl abel (' Error Percentage for K11'); xlabel ("mt/mr');

grid mnor;
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end

|l egend(' EI _t/El _r =0'," =.5," =1");
subpl ot (3,1, 2);
for m¥1l: 3,
for kk = 1:11,
var K12( mm kk) = (K12(nm kk) *L- coef f s{ mm kk}{15})/ K12( nm kk)/L*100;

end
end
plot(ntnr,varkKi2(1,:),"'b-","linewidth',1.5); hold on;
plot(mtnr,varkKi2(2,:),'r-","linewidth',1.5);
plot(ntnr,varkKi2(3,:),'g-", ' linewidth' ,1.5);
yl abel (' Error Percentage for K12');

grid mnor;
legend(' EI _t/El _r =0'," =.5," =1");
subplot(3,1,1);
for m¥1l: 3,

for kk = 1:11,

var K13(mm kk) = (K13(nm kk) *L- coef f s{ mm kk}{16})/ K13(nm kk)/L*100;

end
end
pl ot (ntnr, var K13(1, "b-', "
pl ot (ntnr, var K13( 2, r-t,
plot(ntnr,varK13(3,:),"'g-","l
yl abel (' Error Percentage for K
grid mnor;
legend(' EI _t/El _r =0'," =.5," =1");
if upper(ch(l)) =="'C

title(' CANTI LEVER, m 0=0.00033 Ibmin, |_0=1.19 in™4, E=1e7 psi');

2) i hol d on;
)

el se
title(' H NGED, m 0=0.00033 Ibmin, |_0=1.19 in"4, E=1e7 psi');
end
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